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Abstract

This analysis of the long-term optical activity of the propellers AE Aqr and AR Sco uses
data from the Catalina Real-time Transient Survey, DASCH, and AAVSO. The site and
character of the emissions from the phenomena caused by the magnetic field of the white
dwarf (WD) vary from system to system. The histogram of intensities of the ensemble of
flares of AE Aqr suggests that the long-term activity consists of a large variety of the peak
magnitudes of the flares, with the probability of their detection gradually decreasing with
increasing intensity. Any increase of activity only leads to an increase of the number of
blobs of the transferring matter. We also detected a season with a transient decrease
or even a cessation of the mass outflow from the donor to the lobe of the WD. The
very strong orbital modulation of AR Sco is most stable in the phases of the extrema of
brightness for about a century; its minor changes suggest that the trailing side of the
synchrotron-emitting region is more unstable than the leading side.

Key words: accretion, accretion disks — magnetic fields — novae, cataclysmic variables — radiation mechanisms:
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1 Introduction become unreliable (Knigge et al. 2011). The tidal and rota-
Cataclysmic variables (CVs) are binaries with an orbital tional deformation of the Roche-lobe-filling stars produces
period Py, whose length is typically several hours. Matter about 4.5% radius inflation below the period gap and about
transfers onto the white dwarf (WD) from its lobe-filling

companion. See Warner (1995) for a review.

7.9% above; donor bloating due to irradiation is probably
at most comparable to these effects.

Magnetic braking (angular momentum loss in a stellar Thef current pr e of C;V is determined b?’ lt? p rev¥ous
evolution (Podsiadlowski et al. 2003). Their simulations
show that CVs with P,,, > § hr are dominated by evolved,

relatively massive, systems. These systems are the progen-

wind that is magnetically coupled to the secondary star)
plays a big role in the evolution of CVs (Rappaport et al.

1983). This braking is sharply reduced when the mass-

donating star undergoes large changes of its internal struc- itors of ultracompact systems. The large variety of behav-

ture; this explains the 2-3 hr “gap” in the distribution of ~ 1©'S exhibited by.CVs is due to the nucléar evoluuo.n of
the donor and high-mass donors according to Goliasch
and Nelson (2015). They show that the ranges of P,

the mass-transfer rates, and the properties of the donor

orbital periods, P, of CVs. This was also confirmed by
the new method of Ginsicke et al. (2009).

If CVs exhibit long-term mass-transfer-rate fluctuations,

e in r ry wide range of values. They also r |
the expected variability timescales are so long that other CVs cover a very wide range of values. They also reveal a

lation of evol ms that have remarkably lower
tracers of the mass-transfer rate (e.g., WD temperatures) population of evolved systems that have remarkably lowe
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mass-transfer rates. The evolved systems might thus account
for the observed fraction of dwarf novae.

A model of the range of CV tracks with different evo-
lutionary states of the donor star (Kalomeni et al. 2016)
predicts CV-like systems with periods of 2-40 d and donor
masses of 0.3-0.8 M, (currently, the longest P,;, = 5.786d
is observed in V1017 Sgr; Salazar et al. 2017). This model
also evaluated that supersoft X-ray sources are likely to be
found with Py, of 4-50 hr. The densely populated region
with P, of 1-2 hr and low-mass donors may contain many
post-period minimum CVs with very small mass-transfer
rate.

The distribution of P, of CVs still shows some dis-
crepancies. A significant accumulation of low-luminosity
systems in the orbital period range 80-86 min is observed
(Ginsicke et al. 2009). This spike is almost entirely due to
the large number of CVs with very low accretion activity.
Their optical spectra are dominated by emission from the
WD photosphere.

Warner (1995) presented an extensive review, especially
of the individual types of CVs (both with magnetized WDs
and with non-magnetized WDs) and their activity. This
activity is determined mainly by the mass-transfer rate from
the donor to the WD, and the strength of the magnetic field
of the WD. If the mass-transfer rate from the donor to the
WD is between some limits, the accretion disk (if present)
is subject to a thermal-viscous instability. This gives rise to
the dwarf nova outbursts. A newer version of this model
was presented by Hameury et al. (1998).

The strong magnetic fields of the WDs in some CVs
(polars) strongly influence the mass flow (Cropper 1990)
and cause strong polarization of their optical emission
(Tapia 1977; Krzeminski & Serkowski 1977). The matter
flows directly toward the magnetic poles of the WD syn-
chronously spinning with P,,,. No accretion disk can be
formed (Cropper 1990).

In CVs with mildly magnetized WDs (B up to several
megagauss), the so-called intermediate polars (IPs; Warner
1995), the accretion disk is often present, but its inner
region is truncated by the magnetic field of the WD. The
accretion flow of an IP is controlled by the magnetic field
of the WD inside the magnetosphere (Alfvén radius) of this
accretor. The spin periods of their WD are shorter than
their P, (e.g., Patterson & Price 1981). Some interme-
diate polars are diskless: much of the accretion flow in
V2400 Oph is not in a coherent stream, but is circling
the WD, possibly as a ring of blobs (Hellier & Beardmore
2002).

The observations of magnetic CVs of Schmidt,
Stockman, and Grandi (1986) were interpreted as an accre-
tion profile which is not perfectly collimated, where the

optical/IR continuum can be dominated by a low-density
halo around the compact hard X-ray shock.

Norton et al. (2007, 2008) used a magnetic accretion
model to investigate the accretion flows of magnetic cata-
clysmic variables (mCVs) throughout a range of the param-
eter space. They demonstrated that four types of flow are
possible: disks, streams, rings, and propellers. Two possi-
bilities for IPs with very small ratios Pyyin/Pory, < 0.01 (Pepin
referring to the spin period of the WD) exist: (a) disklike
accretors, (b) strong magnetic propellers (if they are out of
equilibrium).

The boundary between stable and unstable regimes
of accretion onto a magnetized accretor depends almost
entirely on the ratio between the magnetospheric radius
and the co-rotation radius of the accretor (Blinova et al.
2016). They determined the limits of unstable, stable, and
propeller regimes of accretion.

The differences between the accretor and the propeller
regimes were shown by Bisikalo and Zhilkin (2012). The
flow structure in mCVs is strongly influenced by asyn-
chronous rotation of the accretor. If the rotation is rapid
(Pypin < 0.033P,, “propeller”), a magnetosphere cavity is
formed near the accretor and the accretion rate onto the
WD dramatically falls. This also influences the long-term
activity because the subsequent growth of the mass of the
disk leads to matter breaking through the magnetosphere
and a sharp jump in the accretion rate.

In this paper we investigate the optical long-term activity
of two propellers, AE Aqr and AR Sco. Preliminary versions
of part of this analysis were presented by Simon (2013,
2014,2018) and V. Simon (2019).!

2 Observations

Charge-coupled device (CCD) V-band observations from
the ASAS-3 project’ (Pojmanski 1997) of AEAqr were
obtained with a 200/2.8 camera (field of view 825 x 825,
exposure time of 180 s, one CCD image of the field obtained
per night). The Southern sky was densely observed in 2001-
2009. Only observations with an assigned quality of A or B
in the ASAS-3 file (column 2 in the original data file) were
included in our analysis. The error bars come from column 7
in the original data file. The error bars of the observa-
tions of AE Aqr which we used varied between 0.034 and
0.064 mag, with a typical value of 0.041 mag.

V-band CCD data (sometimes supplemented by CV-
band observations) of AE Aqr were also obtained from the
AAVSO (American Association of Variable Star Observers)

1 Simon, V. 2019. Presentation at Large Surveys with Small Telescopes, 2019 March
11-13, Bamberg, Germany (doi:10789/plate/Iswst/009).
2 (http://www.astrouw.edu.pl/asas); (http://www.astrouw.edu.pl/asas/?page=atlas).
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International database (USA).> An inspection of the data
showed that the error bars were about 0.02-0.03 mag.

The Catalina Real-time Transient Survey (CRTS; Drake
etal. 2009)* obtained CCD images of AR Sco in the V-band
between 2005 and 2013.5 Usually, one CCD image or a
couple of images of the field were obtained per night. The
brightness uncertainties of these observations, used in the
analysis, range from 0.05 mag to 0.14 mag, with a typical
value of 0.065 mag.

The digitized photographic data of ARSco were
obtained from Digital Access to a Sky Century @ Har-
vard (DASCH; Grindlay et al. 2012; Grindlay & Griffin
2012).° This database provides SExtractor-based photom-
etry of every resolved object. The band of these data can
be approximated by the B-band. The standard deviations
of brightness of AR Sco varied from 0.06 mag to 0.45 mag,
with a typical value of 0.11 mag.

3 Data analysis

An inspection of the observations showed that the uncer-
tainty of brightness of the propellers AE Aqr and AR Sco
was considerably smaller than the amplitude of the
observed variations of brightness. This confirms that the
observed light changes are true.

3.1 AEAqr

AE Aqr is a CV with a relatively long P, of 9.879744 hr
(van Paradijs et al. 1989). The distance d of AEAgqr,
90.956 + 0.462 pc, was determined from the observations
with the satellite Gaia’ (Gaia Collaboration 2018; Bailer-
Jones et al. 2018).

The optical emission of AE Aqr is often dominated by
a K0-K4 donor (Echevarria et al. 2008) because of a low
mass-transfer rate. The companion is a rapidly spinning
magnetized WD (33.076737's; van Paradijs et al. 1989).
AE Aqr often displays flares. A typical duration of a single
flare is several minutes, but these events can cluster (van
Paradijs et al. 1989).

Eracleous and Horne (1996) found that the UV spectrum
of flares contains the emission lines and a prominent Balmer
recombination continuum. They argued that the accretion
flow from the donor star is fragmented into discrete blobs
that interact with the propeller that is the magnetosphere
of the rapidly spinning WD. They ruled out these flares as
coronal activity on the companion star or a magnetospheric

3 Kafka, S. 2018, Observations from the AAVSO International Database
(https://www.aavso.org/data-download).

http://crts.caltech.edu/).
http://nesssi.cacr.caltech.edu/cgi-bin/getcssconedbid_release2.cgi#simtable).
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6 (http://dasch.rc.fas.harvard.edu/lightcurve.php).
7

(
(
(
(

http://gea.esac.esa.int/archive/).

gating instability at the WD. They proposed that the flares
represent the excitation of gaseous blobs upon encounter
with the propeller, and their subsequent radiative cooling
as they are expelled from the system.

In the interpretation of Wynn, King, and Horne (1997),
most of the transferring matter in AE Aqr is ejected by the
rapidly spinning magnetized WD. The system has no disk,
but expels most of the transferred matter with little or no
accretion. The discrepancy between the large spin-down
power of the WD and the observed luminosity of AE Agr
was explained by the kinetic energy carried away by the
ejecta. Blinova et al. (2019) suggested that some type of
an accretion disk could form around the WD and interact
with its magnetosphere. The disk-magnetosphere interac-
tion was a strongly non-stationary process. Most of the
inner disk matter was ejected into conically shaped winds,
and a much smaller part accreted onto the WD.

The long-term activity of AE Aqr in the optical band is
displayed in figure 1. The large scatter of the light curve
in figure 1a can be explained by the activity consisting of
a set of flares non-uniformly distributed in time. A typ-
ical flare (or a cluster of flares) lasts for at most several
tens of minutes (van Paradijs et al. 1989). ASAS obtained
one CCD image of the field per night. Although each
point in figure 1a represents at most one flare in any of
its phase, these observations cover a long time interval
(years).

The data of AE Aqr folded with P, according to the
ephemeris of Echevarria et al. (2008) display a large scatter
caused by the real brightness variations, not by noise; the
flares occur in any orbital phase (figure 1b; see also van
Paradijs et al. 1989). The double-wave profile of the lower
envelope of the folded light curve (remaining all the time,
even when the flares are missing) is caused by the tidal defor-
mation of the donor (van Paradijs et al. 1989). Although the
number of flares varies for the individual years, the lower
envelope of the light curve is not greatly influenced by the
presence of these events. When the flares are missing, the
profiles of the upper and lower envelopes can be considered
the same.

In the interpretation, the same orbital modulation of the
low state as in the active state (in which the flares occur)
disfavors any significant role of the large variations of the
active regions on the donor in the continuum light, although
changes of the fractional spot coverage were detected in the
spectral lines with Roche tomography (Hill et al. 2014,
2016). Even if formation of an accretion disk is possible in
AE Agr (Blinova et al. 2019), our data show that its contri-
bution to the continuum V-band luminosity is negligible, at
least in this low state. The stable modulation thus disfavors
the cause of the low state by a transient change of the mode
of the mass transfer (from blobs to disk).
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Fig. 1. (a) Long-term activity of AE Aqgr in the optical band (the ASAS
data, one CCD image per night). The segment with the absent flares is
marked by the box. (b) The light curve folded with P, according to the
ephemeris of Echevarria et al. (2008). The open circles represent all the
data points from panel (a), while the closed circles denote the data from
the box in panel (a). (c) Light curve of a flare in the V-band (AAVSO).
(d) Histogram of the light curve of the flare from (c) (shaded) and the
whole ASAS data set (empty bars). (e) Histogram of brightness of the
flares from (a). Only observations of brightness higher than 11.4 mag
(V) in which only the flares, not the donor’s tidal variations in between
the flares, dominate are considered. The standard deviation of the fit is
marked. See subsection 3.1 for details. (Color online)

A season with almost absent or faint flares (the box in
figure 1a) can be explained by a transient decrease or even
a cessation of the mass outflow from the donor to the lobe
of the WD. Such an evolution suggests a variable amount
of blobs on the timescale of months. Because the flares
are relatively uniformly distributed over all orbital phases

(figure 1b), the absence of flares inside the box in figure 1a
disfavors an explanation by the observations being acci-
dentally restricted to the orbital phases in which the flares
are not detectable. The time season without any observed
flares can be analogous to the low states in some nova-
likes in which the mass transfer is temporarily lowered or
ceased (e.g., MV Lyr; Rosino et al. 1993). These changes
suggest the time variations of activity of the donor also in
AE Aqr.

In figure 1d, a histogram of brightness of an example
of the light curve of a flare (or a double flare) of AE Agr
(figure 1c) is compared with the histogram of the whole data
set from figure la. Both histograms are mutually largely
divergent. While the histogram of brightness of a single
flare is flat, the histogram of an ensemble of flares shows a
gradual increase of the number of counts with a decreasing
brightness between 11.0 and 11.5 mag (V).

Figure 1e shows a histogram of brightness in the ASAS
observations in which AE Aqr is brighter than 11.4 mag
(V). This limit assures that only the flares, not the donor’s
tidal variations in between the flares, are included. The his-
togram is log-log in the intensity scale. Although a flare
in the ASAS data is represented by a single point, which
might be obtained in any phase of this event, the histogram
of the whole ensemble suggests that the long-term activity
of AE Aqr consists of a large variety of peak magnitudes
and/or profiles of the flares. The probability of their detec-
tion decreases with their increasing brightness. In this con-
text, any sign of the accretion disk which may be present
in AEAqr (Blinova et al. 2019) should produce a bump
superposed in figure le. This suggests that the continuum
luminosity of this disk (if present) is overshone by the
flares.

The differences between the histograms for the ensemble
of the ASAS data and a single AAVSO flare in figure 1d
gradually increase with a decrease of brightness for mag-
nitudes <11.4. The standard deviation of the fit, o, in
figure 1d shows that the dependence of the counts on
mag(V) is well defined. Although the values of the counts
are mutually similar (well within the value of o) for both
histograms in figure 1d for magnitudes brighter than 11.15,
this difference gradually increases with decreasing bright-
ness. It is already about 3.7 oy for the brightness 11.40 mag.
This suggests that the peak brightnesses of the flares are
not the same for all of these events. The higher the peak
brightness of the flare, the less probable its occurrence.

Although the flares are relatively uniformly distributed
over all orbital phases in figure 1b (the years 2001-2009),
Zamanov and Latev (2017) observed most flares between
the orbital phases 0.55 and 1.05 (especially 0.55-0.75)
between the years 1993 and 1999. In contrast, Bruch and
Grutter (1997) showed that more flares occurred during the
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first half of the orbital phases between the years 1978 and
1995.

In the interpretation, anisotropy of radiation of the flare
can also be involved. The optical emission radiated from
the leading side of a blob when it interacts with the magne-
tosphere of the WD is detected mainly in the orbital phase
when the observer is looking toward the leading side of this
blob. A change of the position of this interaction region in
the orbital phase could explain the observed dependence
of the flares on this phase. A model of such processes is
desirable.

The variations of the observed flares with the orbital
phase can be caused by changes of the conditions which
influence the motion of the streaming matter. In this con-
text, we notice that the structures of the matter from the
donor which are stable in the orbital phase and located
beyond its lobe (probably kept by the magnetic field) were
observed in the polar AM Her by Kafka et al. (2008, 2010).
They argued that the motion of gas between the two stars
is complex along magnetic field lines associated with both
stars. A similar process can also be responsible for a modi-
fication of the stream in AE Aqr.

Yu et al. (2019) showed that AEAqr is similar to
KIC 5608384 in the sense that both systems contain donors
with signatures of having undergone significant nuclear evo-
lution. This has led to their current very low mass-transfer
rates. According to Yu et al. (2019), the secular mean
accretion rate of KIC 5608384 is 7z < 3 x 1071° M, yr—'.
According to Eracleous and Horne (1996), a rough esti-
mate of 7 is of the order of 10~ M, yr~! for AE Aqr, but
more than 99% of this mass is expelled from the system
by the propeller. Because of these low rates, the different
strengths of the magnetic fields of their WDs manifest them-
selves by the flares in the propeller AEAqr and by the
very infrequent dwarf nova outbursts in the non-magnetic
KIC5608384.

The flares of AE Aqgr, thought to arise from collisions
between the regions in the material expelled from the CV
after an interaction with the rotating magnetosphere of the
WD (Wynn et al. 1997), obey a similar histogram of bright-
ness (figure 1e) to the infrared (K;-band) flares (Genzel et al.
2003; Witzel et al. 2012) from Sgr A*, the supermassive cen-
tral black hole of our Galaxy. Meyer et al. (2006) linked
the flares of Sgr A* to the synchrotron emission from the hot
spots in the accretion disk near the last stable orbit of the
black hole. A comparison of activities of AE Aqr and Sgr A*
shows that similar profiles of the histogram of intensities of
the flares exist for the dramatically different optical lumi-
nosities of the flares, emission mechanisms, and masses and
types of the central compact objects. According to Genzel
etal. (2003), the infrared flares in Sgr A* suggest turbulence,
magnetic reconnection, or shocks. The flare is then due to

an acceleration event, similar to a solar flare, rather than an
enhanced accretion. Analogously, tearing of the inflowing
matter in the magnetosphere of a rapidly spinning WD may
cause the flares in AE Aqr.

3.2 ARSco

AR Sco contains an M5V component and a very rapidly
spinning WD (1.97 min; Marsh et al. 2016). The pulsed
luminosity is powered by the spin-down of this highly mag-
netized WD, while the mass transfer is much less important
(Buckley et al. 2017). The optical activity is dominated by
a very strong orbital modulation (Littlefield et al. 2017) of
the system with P, of 3.56 hr (Marsh et al. 2016). The WD
is a nearly perpendicular rotator, its open field line beams
sweep the late-type companion’s stellar wind. Synchrotron
radiation of the shocked electrons of the wind can explain
the spectral energy distribution of AR Sco and its strong
orbital modulation (Geng et al. 2016).

Figure 2 shows the long-term light curve of AR Sco (only
the detections with AR Sco at least 0.25 mag brighter than
the plate limit). A linear fit to the data with the orbital
phases 0.3-0.6 (around a flat peak; see figure 2b) shows a
stable peak brightness on the timescale of decades.

Figure 2b shows the data folded with P, according to
the ephemeris of Marsh et al. (2016). Phase 0.0 corresponds
to the inferior conjunction of the late-type star.

The profile of the modulation of the DASCH data
was smoothed by the HEC13 code,® written by P. Har-
manec. This code is based on the method of Vondrik
(1969), who improved the original method of Whittaker
and Robinson (1946). The method is based on minimizing
the value P = F +A>S, where F =) p(y. — ¥/)* denotes
the degree of smoothing (p being the weight, y being the
smoothed data, and y’ the observed value of the variable),
S = > (A3y;)? is the sum of the squares of the third differ-
ences of the smoothed curve called the measure of roughness
of the curve, and A? is a constant to be selected and defines
how much the curve will be smoothed. A full descrip-
tion of the method can be found in Vondrak (1969). This
method can fit a smooth curve to the non-equidistant data
no matter what their profile is. HEC13 makes use of two
input parameters, € (in dimensionless units) and AT. The
quantity € = 1/A? determines how “tight” the fit will be,
that is, if only the main profile or also the high-frequency
variations are to be reproduced. The quantity AT is the time
interval over which the data are binned before smoothing.
The resulting fit consists of the mean points, calculated to
the individual observed points of the curve.

8 HEC13 code is available at (http://astro.troja.mff.cuni.cz/ftp/hec/HEC13/).

€20z 1snBny gz uo Jasn Aieiqi] |ooyos meT pieAleH AQ vSSYZ8S/SE/z/z L /e1onie/lsed/woo dnooiwapese//:sdny woll papeojumoq


http://astro.troja.mff.cuni.cz/ftp/hec/HEC13/

35-6 Publications of the Astronomical Society of Japan (2020), Vol. 72, No. 2

S - (a)

o - _

g - 53

g%

a |

(o]

«©

E ‘ ‘ ‘ ]

20000 30000 40000 50000

JD -2 400000

s T ? (b)

o i

© i

E !

) d

[®)]

©

£
Orbital phase

0.35 T T i T T
0.20 ‘ AR ‘ L
0.00 0.50 1.00 1.50 2.00

Orbital phase

Fig. 2. (a) Long-term light curve of AR Sco from DASCH data (open circles) and CRTS data (open triangles). The data between phases 0.3-0.6 prior
to JD2434076 (a gap in the data) are marked by the closed circles. A linear fit to them with its standard deviation is included. (b) Observations
folded with Py, according to the ephemeris of Marsh et al. (2016). The horizontal line marks phases 0.3-0.6. The open diamonds represent the CRTS
data. The open circles mark the DASCH data. The smooth line denotes the 5% trimmed HEC13 fit to the DASCH data (closed circles). (c) The moving
averages of the standard deviations of the residuals of the 5% trimmed HEC13 fit for Q = 0.1 (the dashed line) and Q = 0.15 phase (the solid line).

See subsection 3.2 for details. (Color online)

A set of the HEC13 fits to the folded data with different
€ and AT was generated and submitted for inspection. The
resulting fit with € = 107, AT = 0.05 yields a good result.
The influence of the most distant points (e.g., flares) can be
lowered if the most deviating residuals of the fit are removed
(the 5% most negative and 5% most positive residuals in
our case). This data set was fitted again by the HEC13 code
with the aforementioned input values. It can be called a 5%
trimmed fit. This profile revealed that the DASCH mod-
ulation in particular contains a less steep and non-linear
decaying branch (with a superimposed bump?) in compar-
ison with the CRTS data (figure 2b).

The moving averages of the standard deviations of
the residuals of the 5% trimmed HEC13 fit, ,,,, were
smoothed by the two-sided moving averages. This method
is described in Brockwell and Davis (1987). The half-widths
QO =0.1and Q= 0.15 phase were used (figure 2c).

We find that although the orbital modulation is unstable
in some phases, the peak-to-peak amplitude does not
change significantly (figure 2b). The value of oy, is most

stable in the phases of the extrema of brightness. It is
true that various lengths of the exposure time of the indi-
vidual plates can cause a scatter in the phases of the folded
light curve in which the brightness rapidly varies. How-
ever, the value of oy, is bigger near phase 0.7 than near
phase 0.2, although the rate of change of brightness is
bigger near phase 0.2. This suggests that the modulation
is most unstable near phase 0.7. This therefore suggests
that the trailing side of the synchrotron-emitting region is
more unstable than the leading side. Also, a comparison
of the DASCH light curve in figure 2b with the CRTS
data or the observations of Littlefield et al. (2017) sug-
gest either that various regions of the synchrotron-emitting
region are variable on the timescale of years or that the
spectral energy distribution of synchrotron emission is more
complicated.

The stability of the modulation also speaks against pre-
cession of the axis of the magnetic poles of the WD, at
least on a timescale shorter than or comparable to about
a century. This constrains the possible explanation of Katz
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(2017); this precession was disproved by Peterson, Little-
field, and Garnavich (2019).

We also searched for a possible relation of this orbital
modulation of AR Sco and the activity of the cool star. In
this regard we notice that Bianchini (1990) showed that
both single main-sequence stars and late-type secondary
components of CVs display cycles of activity. Their cycle
lengths are between ~3 and ~17 yr, peaking around 6 yr.
Such cycles also influence the coronae, as suggested by
the anticorrelation of the X-ray/UV variations and the
optical brightness during a 7 yr cycle in Proxima Centauri
(Wargelin et al. 2017). If such a cycle were also present in
AR Sco, it could also influence the number of electrons for
the generation of its synchrotron emission. However, the
amplitude of the orbital modulation in figures 2a and 2b
appears unaffected by such a possible cycle. In the context
of Wargelin et al. (2017), there is also a possibility that if
the coronal activity of the late-type star in AR Sco is high
all the time, with the surface covered by active regions, then
this star can remain in the vicinity of the peak of the cycle
all the time.

The distance of 117.37 £ 0.57 pc of AR Sco (Gaia Col-
laboration 2018; Bailer-Jones et al. 2018) shows that the
absolute magnitude M, varies between about 9.5 and
11.5. It therefore resides in a very long deep low state,
at least for several decades. Its M, is similar to that in the
low states of some nova-likes like MV Lyr (Rosino et al.
1993; Pavlenko 1996; Pavlenko & Shugarov 1998) and the
IP 1223 Sgr (Garnavich & Szkody 1988), but this state is
much longer.

Rapid spin of the WD (Marsh et al. 2016) suggests
that AR Sco underwent an evolution with a high mass-
transfer rate. We ascribe the current low luminosity (no
mass transfer between the components) of AR Sco to the
previous evolution of its donor. In this regard, a model of
evolution tracks of CVs (Goliasch & Nelson 2015) revealed
a very broad range of mass-transfer rates in systems shortly
before entering the period gap. The model of Goliasch
and Nelson (2015) also shows a population of CVs with
remarkably low mass-transfer rates because they contain
the evolved donors. A model of the history of AR Sco, taking
into account the spinning magnetic field of the WD and its
influence on the mass transfer, is desirable.

4 Conclusions

We have shown the long-term optical activity of the pro-
pellers AE Aqr and AR Sco. Although these CVs reside near
the optical luminosity of the low states of nova-likes, they
are still active especially on the timescale of less than a day.

The optical emission of the surfaces of the WDs is not
a strong contributor in these two propellers. The site and

character of the emission of the phenomena caused by the
magnetic field of the WD vary from system to system. The
character of the activity in these propellers also depends on
the inclination of the axis of the bipolar magnetic field of
the WD.

Rapid spin periods of the WDs of AE Aqr and AR Sco
suggest that these systems are the results of CVs which
underwent a phase of a very high mass-transfer rate (in
AEAqgr ~107° M, yr~!'; Meintjes 2002; Schenker et al.
2002). These phases thus finished with a transition to a
very low mass-transfer rate. They may belong to the popu-
lation of evolved systems that have remarkably lower mass-
transfer rates now, as revealed by the model of Goliasch and
Nelson (2015).
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