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Abstract: We present a two years variability in brightness of three AM CVn stars: CR Boo (Bootes), V 803
Cen (Centaurus) and KL Dra (Draconis). We use observational data both from the AAVSO (American Association
of Variable Star Observers) and the 2m telescope of the National Astronomical Observatory (NAO) Rozhen. Results
show similar behavior in brightness variability, outbursts and the transition from low to high state of the objects CR
Boo and V 803 Cen.

Base on the objects parameters, we estimate the mass transfer rate during the outbursts states. We
compare the mass transfer properties of the three AM CVn stars.
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Knrovoeu dymu: 3ee3du: [JeoliHu 38e30u; 38e30u: AM CVn; Akpeuyus

Pe3rome: Npedcmassme 08y2o0duluHa rnpomMeHnueocm 8 sipkocmma Ha mpu AM CVn 3ge3du: CR Boo
(Bootis), V 803 Cen (Centauri) u KL Dra (Draco). U3nonssame daHHU om HabnodeHusi kakmo om AAVSO
(AmepukaHckama acoyuayusi Ha Habnrodamenume Ha NPOMeHIU8U 38e30U), maka U om 2-Memposusi MesecKor
Ha HauyuoHnanHama acmpoHomudyecka obcepsamopusi (NAO) PoxeH. Peaynmamume rokasgam no0obHo
rnosedeHue 8 rnpomeHnueocmma Ha brisicbka, u3byxeaHusima u npexoda Om HUCKO KbM 8UCOKO CbCMOSIHUE rpu
CR Boo u V 803 Cen.

B3 ocHosa Ha napamempume Ha obekmume, HUE OUeHsIsaMe memria Ha MPeHOC Ha Maca o epeme Ha
u3byxeaHusima. HanpaeeHo e cpasHeHue Ha ceolicmeama Ha rnpPeHoc Ha Maca Ha mpume AM CVn 3ge30u.

Introduction

The study of AM CVn objects is important, since they are rare and unusual objects. They are
subclass of cataclysmic variables (CV) stars [30]. AM CVns are binary stars in which a white dwarf
primary component accretes from a secondary helium — rich white dwarf component. As the interaction
between the white dwarf companions is observed, they could be attached to the group of Double White
Dwarf binaries (DWDs) [4, 19, 21]. The both components are fully- or semi-degenerate white dwarfs.
Their orbital periods are very short and range in the interval of 5 — 65 min.

The AM CVn stars manifest outbursts with brightness variability in the range of 2—4 magnitude
at optical wavelengths, detected by the observational analysis [9, 13].
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Individual brightening states of some AM CVn stars have been distinguished: a faint state, with
normal outbursts for one to five days [2]; regular super outbursts for several weeks [9, 13]; and a longer
state, lasting for months, but with a frequent outburst activity [8, 13].

Some of the outbursts in AM CVns could be produced by the mass-transfer enhancement [25].
The mass transfer between the two components of AM CVn stars plays an important role in their
evolutionary path. The mass transfer rate depends on the angular momentum loss in the system. During
the mass transfer process, its value changes over time and is in a relation to the binary orbital separation
variations and mass ratio [5, 16]. The mass-transfer rate is increasing, while the separation is narrowing
for shorter orbital periods.

For the purpose of this paper, three of the short-orbital’s period AM CVn objects are selected,
CR Boo, V 803 Cen and KL Dra. They show characteristics as ordinary AM CVns.

CR Boo was discovered in 1986 by Palomar Green [6] and catalogued as PG 1346+082. The
first observations of Wood et al. (1987) [31] showed a brightness variability in the range of 13.0 - 18.0
magnitude in the V band. The average orbital period of CR Boo is estimated as ~1471.3s (or ~24.5 min)
[9, 23]. The system displays spectroscopic variations broad, shallow Hel absorption lines at its
maximum, and a weak emission lines in Hel 4471 at minimum light [31].

Masses of the two components of CR Boo were estimated to be in the ranges: M1 = 0.7-1.1
MQ for the mass of the primary star and M2 = 0.044-0.09 for the mass of the secondary star [26, 29].
For the mass ratio the range is q = 0.04-0.13 [22, 26]. CR Boo is classified as DB spectral type [27],
related to its helium rich atmosphere. Since the orbital period of CR Boo is in a range of 20 < Porb < 40
min, it can be associated in the group with a variable size of disc, producing outbursts or occasional
super-outbursts [29].

V803 Centauri was discovered by Elvius (1975) [3]. V 803 Cen is also a member of a special
subset of mass transferring binary systems with a short orbital period of 1596.4 — 1611s (or 26.6 min).

Its two component’s masses are M1 = 0.8 - 1.2 M® and Mz = 0.06 — 0.11 MQ [26, 29]. Then,
the mass ratio takes the values: 0.075 — 0.091. The responsibility for these variations is usually taken
by the superhumps, during the outbursts of the star (). Its brightness as a magnitude variability is
observed in a wide range: 13.2-17.4. At the outburst states, the spectrum of V 803 Cen shows broad,
shallow He | absorption. At the Quiescence state — He | emission [20. Its Mass accretion rate is
M, = (3%1) x 10° MO yr [18].

KL Dra is a helium dwarf nova system, similar to CR Boo [22, 23, 31]. The orbital period of KL
Dra is 25 min. The object’s magnitude is observed to be in the range of 16.8 — 20 in the V band [9].
The estimated mass ratio of the object is q = 0.075 [32]. They obtain for the mass of the components,
Mz = 0.057 M® and M: = 0.76 MQ®. The value derived for the KL Dra mass transfer rate yields
M, = 5.1 x 10-1° MOy [32]. Superhumps are observed and reported for both of the stars, CR Boo [1]
and KL Dra [32].

In this paper, we follow the light curves of those three objects, obtained from data of NAO
Rozhen and AAVSO (Section 2). In Section 3 we compare the mass transfer rates and explain the
properties of their mechanisms.

Observational periods and outbursts states

Among AM CVn stars, CR Boo and V803 Cen have the best observational behavior, since they
exhibit large-scale amplitude variations in brightness, from days to months. Their origins are still not well
understood.

By the high - speed photometry [30], results of CR Boo and V 803 Cen show that the transition
between the high and low states happens with significant changes in the objects behavior.

AM CVn stars are blue objects, but they have unusual behavior at some observational periods.
As an example, CR Boo became redder during the superhumps in 2021 [1]. CR Boo has amplitude
variations in brightness of > 1 mag. and it is categorized in the group of outburst systems [7, 13]. The
brightness events could lasting from days to months. The high outbursts during the faint state are
produced with a recuring frequency in a super-cycle of about = 46 days [11, 12].

Here, we present light curves of CR Boo, V 803 Cen and KL Dra. For CR Boo we apply
combined data, obtained with the 2m telescope of NAO Rozhen and AAVSO. Since V 803 Cen is visible
at the southern hemisphere, we apply the observational data from online sources, as AAVSO.
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Fig. 1. Light curves of CR Boo in UBVRI bands. The data for the observational period of 2 years (2020/02/20
to 2022/11/16) are taken from AAVSO (up). The shorter period’s data during the high state of the object are
obtained with 2m telescope at NAO Rozhen (down).
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Fig. 2. Light curves of V 803 Cen. The magnitude of the star is in V band and the observational times are in JD
(Julian dates). The data are taken from AAVSO: for the observational period of 2 years (2015 — 2017) (left).
The brightness variation during high state is seen, for the shorter period during March 2016.

The above light curves show the alternate periods from low to high states and well seen
outbursts activity with different durations. This observational behavior is identical for both objects.
Unfortunately, we could not apply any observational data of the third object KL Dra. In the paper of

Ramsay et al. 2020 [24], KL Dra was revealed as a frequently outbursts system with a recurring time of
~60 days.

Mass-transfer properties

The study and knowing of the mass transfer process could give an useful information of the
interior of the donor and its evolution, as well as of the resulting properties of interacting area between
the mass inflow and the primary star accretion zone [29].
In this Section, we give an estimation of the mass transfer rate of CR Boo, V803 Cen and KL
Dra. In this aim, we use the average values of the systems parameters given in the literature (Table 1).
The orbital separation a is obtained in the current paper by applying the Kepler's 3-rd law.
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Table 1. The system parameters of CR Boo, V803 Cen and KL Dra, as follows: M1 - mass of the primary star;
Mz - mass of the secondary star; g - mass ratio; P - orbital period; a - the orbital separation between the components.
Here [tp] means “this paper”.

Parameters M1 M2z q Porb a

------------ [Mo] [Mo] [min] [Rol

Object

CR Boo 0.80 0.07 0.087 24.5[9] 0.266
[26] [26] [tp]

V 803 Cen 0.95 0.08 0.085 26.6 0.167
[29] [29] [23] [tp]

KL Dra 0.76 0.057 0.075 25 0.149
[32] [32] (31] [tp]

When binaries have sufficiently short orbital periods, as our objects have, the angular
momentum loss is efficient through the gravitational wave emission [4, 21]. Therefore, the rate of angular
momentum loss of a binary system is given by the equation of Landau and Lifshitz [15]:

(1) i _ =32G° MyMy(M1+M;)
1 ewr 5 8 at

Where (]/])GWR expresses the relation of this rate to the orbital angular momentum.
This term is further used in the equation for the mass transfer rate by Paczynski [21]:

1

@ ()= (), <52+ i3

Here, { = dinR,/dInM,. Our calculations of this term give the values: ¢ = - 0.19, - 0.33;

In order to calculate the mass-transfer rate M,, we first apply the parameters for the three objects
(masses and orbital separation from Table 1) into the Eq.1. This gives the angular momentum loss in a
relation to the orbital angular momentum.

Then, we put these terms into Eq.2 to calculate the mass transfer rates M, with respect to the
mass of the secondary M2. Finally, using the value of M2 we determine the absolute values of the mass
transfer rate. The obtained values are as follows:

- for CR Boo, M, = 1.41(+0.5) X 10™°Mg y~* ;

- for V 803 Cen itis: M, = 2.53(£0.2) X 10™°Mg y~%;

- for KL Dra: M, = 4.76(+0.1) X 10™°Mq y~*.

We see that the mass transfer rates of these studied binaries are similar, except for the KL Dra,
where the estimated value is lower. The obtained from us values differ from the mass transfer rates in
the literature, pointed in the Introduction for each of the objects. The reason of this could be the applied
models and equations. They are also similar to the mass transfer rate, comparing to those found for
some AM CVn class objects by [17, 27, 28], which is in order of ~0.4 -1.2 x10™° to even
5 x10-"0MQ@yr.

We suggest a simple explanation of the processes. During the mass-transfer process, in a time
period of our observations ti...tn, the mass of the secondary component M2 started to decrease over
time, due to the increasing mass-transfer rate. At the final time of observations tn it takes the value Mam.
In the same time, the orbital separation a also changes over time aiu...ann, as it could increase or
decrease depends on the mass transfer rate and mass ratio. After these suggestions, we have:
aitl <2 antn.

Discussion and Conclusion

AM CVn stars are objects in a final stage of binary stars evolution. As their characteristics, they
create a medium to study the physical properties of such systems to understand and to obtain more
information about the white dwarf stars and double white dwarfs’ evolution respectively.
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We presented the light curves of three AM CVn stars - CR Boo, V803 Cen and KL Dra. Their
light curves show short- and long- brightness variability that manifests periodically outbursts in a frame
of two years. CR Boo and V 803 Cen demonstrated similar behavior. We used observational data both
from AAVSO (American Association of Variable Star Observers) and our own observations, obtained
with the 2m telescope of the National Astronomical Observatory (NAO) Rozhen.

Employing the equation of mass transfer for the gravitational wave emission, we obtained the
values of mass-transfer rate for each of the three objects. The less massive object has the smallest
value of the mass transfer rate. As dwarf nova objects V803 Cen and CR Boo give signs of an
intermediate region of instability in the disc formation.
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