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ASTPONOMIA._ Dependence of Flare Activity on BY Dra on the
Phase of the Short-term Periodic Light Variation, by corre-
sponding member L.N. Mavridis and S. I. Avgoloupis, J. H. Seiradakis,
P. P. Varvoglis*.

1. Introduction

BY Dra (HDE = 234677) is a spectroscopic binary with an orbital period
of 5.976 days derived from radial velocity data by Bopp and Evans (1973).
Keenan (1980) proposed the classification K4V+4-K7.5V which is in agreement
with Vogt and Fekel’s (1979) luminosity ratio. Other authors proposed
slightly different classifications, such as MOVe4+MOVe (Rodono and Cutis-
poto, 1992), MOVe+M1Ve (Cutispoto and Rodono, 1992), or K5Ve+K7Ve
(Pettersen et al., 1992). The eccentricity is equal to e = 0.487 (Oskanyan et
al., 1977) or equal to e = 0.30 (Pettersen et al., 1992). The primary makes
up for 2/3 of the total light (Pettersen et al., 1992).

BY Dra is the prototype of a group of flare stars showing short-term
low amplitude periodic light variability (BY Dra-syndrome), which is attri-
buted to rotational modulation by cool star spots. The mean photometric
period of 3.836 days (Chugainov, 1966; Rodono et al., 1983), is interpreted
as the rotational period of the flare star(s).
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Among the problems referring to BY Dra currently under discussion,
one could mention the following:

1) Are both components rotating with the same period?

2) Are their axes of rotation parallel to each other?

3) Are both components active?

Various authors give different answers to these questions. Thus:

a) Most of the authors (Rodono and Cutispoto, 1992; Cutispoto and Rodono,
1992; Pettersen et al., 1992; Rodono et al., 1986) assume that both components
are active and rotate with the same rotational period (3.836 days) around
parallel axes. The inclination of the axes to the line of sight is equal to 30
degrees. The arguments presented in favour of this assumption are the large
long-term variations in the quiet-state luminosity and the large peak-to-peak
amplitude of the short-term variability. The fact that the rotational period
of the components differs significantly from the orbital period (5.976 days)
is interpreted as indicating that the system is young and, therefore, not yet
synchronized.

b) Oskanyan et al., (1977), on the contrary, consider that it is very unlikely
that the two components should rotate simultaneously, because of the high
eccentricity of the system. Furthermore, Oskanyan et al., believe that we are
so far dealing always with spot phenomena on one of the components only.
The main argument is that physically this assumption is most economical,
especially since no secondary period, neither an harmonic nor an unrelated
period, has been detected.

2. Long-term Variability of the Flare Activity

Systematic photoelectric monitoring of the flare activity and the quiet-
state luminosity in the B and/or U colour of the international U, B, V system
of the flare star BY Dra is being carried out since 1973 at the Stephanion
Observatory (n = 22°49'44", o = 37°45'15"", H = 800m) using the 30-inch
Cassegrain reflector of the Department of Geodetic Astronomy, University
of Thessaloniki.

The very homogeneous observational material thus obtained is of special
importance for the study of the variations of both the flare activity and the
quiet-state luminosity of this star.

Here, we would like to stress the fact that the data presented in this
paper represent the largest set of data ever used for this star. It comprises
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observations spanning over 22 years, collected by four observatories.

Tables 1a and 1b give the data referring to the flare activity of BY Dra
obtained at the Stephanion Observatory separately for the periods 1973-75
and 1976-92.

The first column of these tables gives the year of observation. The 2nd,
3rd and 4th columns give respectively the total monitoring time in the B-
colour, T’(B), the U-colour, T'(U), and in both colours T'= T'(B)+T'(U).
The 5th, 6th and 7th columns give respectively the total number of flares
observed in the B-colour, n’(B), the U-colour, n’(U), and in both colours
n’=n'(B)+n’(U). The 8th and 9th columns give respectively the integrated
flare intensity of all the flares observed in the B-colour, P(B), and the U-
colour, P'(U). The values of P’(U) were converted into integrated flare in-
tensities referring to the B-colour P’(B/U) using the empirical relation:

P'(B/U) = 0.06 P'(U). (1)

The values thus obtained are given in the 10th column of Tables 1a
and 1b. The 11th column gives the value of the integrated flare intensity
referring to the B colour and corresponding to all the flares observed during
the year concerned P’= P'(B)+P’'(B/U). The 12th column gives the inte-
grated flare intensity per unit for monitoring time P’y = P":T’ referring to
the year concerned. Finally, the 14th column gives the relevant bibliographi-
cal references. From this column we see that only part of the observations
included in Tables 1a and 1b have been published so far.

Table 2 gives the characteristics of the flares observed during the years
1987, 1989, 1990, 1992, determined with the help of observations carried
out at the Stephanion Observatory, which are still unpublished (Avgoloupis
et al., 1993b). In this table the following characteristics are given (Andrews
et al., 1969) for each flare: a) the date and universal time UT(max) of flare
maximum, b) the duration before and after the maximum (t, and ta respecti-
vely), as well as the total duration of the flare, ¢) the value of the ratio (I;-Io)/I,
corresponding to the flare maximum, where Io is the intensity deflection less
sky background of the quiet star and Ir is the total intensity deflection less
sky background of the star plus flare, d) the integrated intensity of the flare

I[ = Io
P= [A37 @

over its total duration
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e) the increase of the apparent magnitude of the star in the instrumental
system, f) the standard deviation of the random noise fluctuation

a(mag) = 2.5 log(Io+o0)/Io (3)

during the quiet-state phase immediately preceding the beginning of the
flare, g) the air mass at flare maximum, and h) the colour to which the ob-
servation refers.

Besides the observations carried out at the Stephanion Observatory we
do have at our disposal additional observational material obtained by Mel-
konyan et al. (1980) at the Byurakan, Konkoly and Matra Observatories and
referring to the years 1971-75. This material has been combined with the
corresponding material obtained at the Stephanion Observatory given in
Table 1a. The results are given in Table 1¢, where columns 2-12 and 14 con-
tain the same quantities with the corresponding columns of Tables 1a and 1b.

From Tables 1b and 1c we see that the total monitoring time of BY
Dra at the four Observatories during the period 1971-92 is respectively equal
to 866.15 hours for the B-colour, and 225.64 hours for the U-colour, which
gives a total of 1091.79 hours for both colours. During this period of monitor-
ing time a total of 36 flares were observed, out of which 20 were observed
in the B-colour and 16 in the U-colour From Tables 1b and 1¢ the average
frequency of flares per unit of monitoring time corresponding to the period
1971-1992 can be calculated, which is respectively equal to 0.023 and 0.071
flares per hour of monitoring time for the B and U colours. From these values
we conclude that the probability of flare detection on BY Dra in the U-
colour is about 3 times higher than in the B-colour.

From Tables 1b and 1c we also see that the values of the integrated
flare intensity P’y per unit of monitoring time corresponding to each of the
years 1971-92 vary considerably from year to year between a minimum
equal to 0 and a maximum equal to 0.32 min/hour. The mean value of P,
corresponding to the period 1971-92 is equal to 0.0865 min/hour.

Fig. 1 gives the values of the integrated flare intensity P’, per unit of
monitoring time for each of the years 1971-92 as a function of time. From
this figure we see that BY Dra showed very enhanced flare activity during
the period 1973-75. As a matter of fact, during the year 1974 a giant flare
with P(B) = 35.66 min was observed. From Tables 1a and 1b we see that the
same phenomenon is also clear in the very homogeneous observational ma-
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terial obtained at the Stephanion Observatory. Between 1975 and 1986, on
the contrary, BY Dra shows very limited flare activity. Finally, from the
year 1987 onwards the beginning of a new period of enhanced flare activity
is evident.
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Fig. 1. Values of the integrated flare intensity P’2 per unit of monitoring time
of BY Dra for each of the years 1971-92 as a function of time.

3. Dependence of Flare Activity on the Phase of the Short-term Perio-
dic Light Variation

The very homogeneous observational material obtained at the Stepha-
nion Observatory has been also used for a systematic study of the dependence
of flare activity on the phase of the short-term periodic light variation of
BY Dra (BY Dra-syndrome).

To this purpose, for each of the flares given in Tables 1a and 1b the
photometric phase has been computed using the ephemeris given by Chu-
gainov (1966):

HJD = 2442819.612+3.836E. (4)

The results are given in the 13th column of Table 1a and 1b. During
the years 1974 and 1989 more than 1 flares were observed. Therefore, the
phases corresponding to each of these flares are given in the corresponding
lines of column 13.

At the same time the photometric phases corresponding to the monitor-
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ing intervals of BY Dra at the Stephanion Observatory, given in Tables 1a
and 1b, have been computed using the same ephemeris (4). With the help
of the results thus obtained Table 3 has been prepared. In this table the
period of the short-term periodic light variation has been subdivided into ten
phase-intervals (0.96-0.05, 0.06-0.15, .. ., 0.86-0.95). For each of these phase-
intervals the following data are given in Table 3:

The 2nd, 3rd, and 4th columns give respectively the total monitoring
times T""(B), T”’(U), and T”= T""(B)4-T"(U) in the B-colour, the U-colour,
and in both colours during the corresponding phase-interval.

The Hth, 6th and 7th columns give respectively the total number of
flares n’/(B), n”’(U), and n"’=n"(B)+n"(U) observed in the B-colour, the
U-colour and in both colours during the corresponding phase-interval.

The 8th and 9th columns give respectively the integrated intensity
P”(B) and P”(U) of the flares observed during the corresponding phase-
interval in the B- and the U-colour. The values of P"/(U) have been trans-
formed into P”’ values corresponding to the B-colour, P”(B/U), with the
help of the empirical relation (1) and are given in the 10th column of Table 2.
Column No. 11 gives the sum P"”"= P”(B)+P"(B/U).

Finally, the 12th column of Table 2 gives the integrated flare intensity
per unit of monitoring time P, corresponding to the flares observed during
the phase-interval concerned, both in the B- and the U-colour, which has
been computed with the help of the formula P”, = P":T".

The values of P”, thus obtained were plotted as a function of phase
in Fig. 2.

From Table 3 and Fig. 2 it is obvious that the largest part of the flare
activity of BY Dra is observed during the phase-interval 0.36-0.95. Thus,
the mean value of P"’, during this phase interval is equal to 0.0071 min/hour,
while the corresponding value for the rest of the period (phases 0.96-0.35)
is equal to 0.0003 min/hour, i.e. 24 times lower.

The above results are based on the very homogeneous observational
material obtained at the Stephanion Observatory given in Tables 1a and 1b.
The same analysis cannot be performed with the observational material
published by Melkonyan et al. (1980). The reason is that these authors pub-
lished only the total monitoring time per year and not the individual moni-
toring intervals during each year. Therefore, it is not possible to determine
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the distribution of the monitoring time among the ten phase-intervals used
in Table 3 and the corresponding values of P",.

In order to get some additional relevant information from the observatio-
nal material published by Melkonyan et al. (1980), the phases of the short-term
periodic light variation corresponding to all the flare included in Tables 1b and
1c were calculated with the help of the ephemeris (4). In this way Table 4 could
be prepared. The 1st column of this table gives the phase-intervals used

R T T L ]
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Fig. 2. Values of the integrated flare intensity P2 per unit of monitoring time for
the successive phase-intervals of the short-term periodic light variation of BY Dra.

i

000 020 040

already in Table 3. The 2nd, 3rd and 4th columns give respectively the total
number of flares n’”’(B), n’”’(U), and n’’=n""(B)+n""’(U) in the B-colour, the
U-colour and in both colours during the corresponding phase interval. The
5th and 6th columns give respectively the integrated intensity P'”"(B), P"’(U)
of the flares observed in the B-colour and the U-colour during the correspond-
ing phase interval.
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Table 4. Dependence of the flare activity on BY Dra on the phace
of the short-term periodic light variation (All available observations)

1 2 8 4 5 6 2 8
Phase B (W) ¢ nee BB) B P (B/U) " 54
(min) (min) (min) (min)
0.96-0.05 0 3 3 0.000 2.269 0.136 0.136
0.06-0.15 2 0 2 8.600 0.000 0.000 8.600
0.16-0.25 1 S 4 0.470 9.140 0.548 1.018
0.26-0.35 0 0 0 0.000 0.000 0.000 0.000
0.36-.045 ) 3 6 5.451 1.830 0.110 5.561
0.46-0.55 2 1 3 1.040 2.670 0.160 1.200
0.56-0.65 4 1 5 10.197 7.860 0.472 10.669
0.66-0.75 1 0 4 0.012 0.000 0.000 0.012
0.76-0.85 A 2 6 14 710 2.588 0.155 14.865
0.86-0.95 3 8 6 52.340 0.260 0.016 52.356
TOTAL 20 16 36 92.820 26.617 1.597 94.417
0.36-0.95 17 10 27 83.750 15.208 0.913 84.663
0.96-0.35 3 6 9 9.070 11.409 0.684 9.754

The values of P"’(U) have been again converted into P"’(B/U) values
with the help of relation (1) and are given in the 7th column. Finally, the
8th column gives the values of P"’= P""(B)+P""(B/U) for the corresponding
phase-interval.

The values of P’ thus obtained were plotted in Fig. 3 as a function of
phase.

From this figure too it is evident that the flare activity corresponding
to the phase interval 0.36-0.95 is higher than the one corresponding to the
rest of the period (phases 0.96-0.35). As a matter of fact, the total values of
P”" corresponding to the phase intervals 0.36-0.95 and 0.96-0.35 respectively
are equal to 84.663 min and 9.754 min. However, a more thorough comparison

of these figures cannot be done at this stage, because, contrary to the case
of the Stephanion observations, for the observations published by Melko-

nyan et al. (1980) we do not know the total monitoring time corresponding
to the successive phase-intervals, and therefore no determination of the
values of P’ per unit of monitoring time can be made.

The sets of data shown in Figures 2 and 3 indicate that the flare activity
of BY Dra originates predominantly during only one part of its rotational
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period (phase-interval 0.36-0.95). Of course the number of flares on which
this conclusion is based is small, despite the fairly long total monitoring
time. This is almost inevitable, however, because of the scarcity of flaring
on BY Dra. In order to statistically confirm our result, we performed a Mann-
Whitney test (Siegel, 1956) using the SPSS software package. This test is
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| il 4L
00 0.2 04 06 08 00 0.2 04
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Fig. 3. Total values of the integrated flare intensity P””* for all the flares
observed during the successive phase-intervals of the short-term periodic
light variation of BY Dra.

recommended for small samples and is not confined to any statistical dis-
tribution. Using this test we examined whether the observed flare activity
during the above mentioned phase-interval (0.36-0.95), is significantly higher
from that observed during the rest of the period (phase-interval 0.96-0.35).
For the data (P”,) presented in Fig. 2 the test gave U = 4.5. Thus, for a
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2-tailed distribution, the probability, that the flare activity observed in the
first interval is significantly higher than that in the second one, is P = 90.2%,.
The corresponding values for the data in Fig. 3 (P"’) are U =05.0 and P =
86.4%,.

4. Discussion of the Results. Conclusions

From the above discussion the following conclusions could be drawn:

1) The flare activity on BY Dra shows a long-term fluctuation with a
very pronounced maximum during the years 1973-75 and a new enhancement
of the activity from 1987 onwards.

2) It should be noted that the quiet-state luminosity of the star shows
a similar long-term fluctuation (Cutispoto and Rodono, 1992, Mavridis et al.,
1982), whereby the maximum of the quiet-state luminosity coincides with
that of flare activity (1973-75).

3) There is a clear tendency for the flares on BY Dra to appear during
a certain part of the period of the short-term periodic light variation (BY
Dra-syndrome) of the binary system (phases 0.36-0.95).

One possible way to explain this interesting phenomenon would be to
assume that:
a) only one of the two components of the binary system is an active star,
and
b) during the period of time covered by the present observations the flare
activity on this star was concentrated mainly on a longitudinal zone covering
about 220 degrees in longitude.
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INIEPIAHYH

’EEdptnon Tijc SpactnpiétnTag oé éxAdupeig tod dotépa BY Dra
Gmod T pdor Tiig Teptodiniig petaBoAtic RBpaxeiog Stapuelog ThHg AapmpdTnTdg Tov.

‘H poxpa xal EEatpeting Gpoyeviic oelpd OTONAEXTEIXGY THEATNPNGEWY TOU
aotépo Exhapdewv BY Dra mobd ExtehécOnxav 616 *Acteposroncio Lrepaviov Ko-
pwliag, xata v Evn 1973-92, cuvdudolnxe pt o mholoio HAkd QuTONAexTEIREY
THPATNENGEWY ToL LdLov doTépa Tob cuyxevtpdinxe oto *Actepoononeia Byurakan,
Konkoly xai Matra xatd ta &y 1971-75 yie w0 perérn tig Spactnprdryros of
&xhapdels Tob v Abyw dotépa xate TV meplodo 1971-92. °Awd T pedéry adth
mpoéxuday To gxbhovla cvpmepdopata: 1) ‘H Spastyptbrrnre ot exddpdeis Tod
acTépo TopouGtalel pro Stakdpoavey) paxpds dixpxeians ut Eve oL Evrtovo pEyLeTo
xare Ty meptodo 1973-75 xal puo véa alifnon tig SpactnpLéTyrag peta o 1987.
2) ‘H Aapmpbdrnro t0b dotépu ot xatdotacy Hpsplag mapovotdler pic dvahoyy Sto-
nopavey poaxpdic Stxpxetog, 6mov 6 péyieto ThHe AaumpdtnTag cupminTer pé éxeivo
¢ SpactnpiétrTas ot Exrdpdeis. 3) Vrmdpyel caglg TAoN Eupavicews TEHV éx-
Apdewyv 100 BY Dra xate i) Sidpxsto €vdg quyrexpLévou Tuipatos ThHe mepté-
dov Tiic TepLodixtic ueTaBoAiis Beaystog meptédov THg AaumpdTnTas Tob dotépr. LTIy
gpyacio Siepeuvatar % onuacia Tol teheutalov adtol uyopévov Yk Ty Eppmvela

7ol Qowvopévou THe dnuroveylug T@Y Exddudemy.



