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The results of photometric, spectral and radio studies of the flare star EV Lac we obtained during
the course of cooperative observations in 1994 and 1995 are presented. A quantitative analysis of
the radiation emitted by two powerful flares using the colour—colour diagram confirms the previous
conclusion on the essential heterogeneity of matter radiating in optical flares. From simultaneous
observations of the star in UBVRI, K and H bands no significant brightness variations in IR were
found in coincidence with observed small-amplitude optical flares, except a gradual decrease in
the K-band following a 1.0 mag flare in the U-band. A differential spottedness of bright and dark
hemispheres of EV Lac is estimated using observations in separate seasons and the total stellar
spottedness is determined within the framework of the zonal spottedness model. Spectra of quiet
and active states of the star in the blue-green region in 1994 and in the red region in 1995 are
described: the characteristics of the quiet chromosphere in the Ho, Hg, H+ lines, their widening
during flares, the strengthening of neutral helium lines and the appearance of emission lines of
He II and metals are presented. The monitoring of EV Lac in decametric wavelengths with the
largest radio telescope UTR-2 led to the detection of 18 radio bursts, one of which satisfies the
majority of criteria of signals of non-terrestrial origin and coincides in time with an optical flare.

KEY WORDS Stars: flare — stars: individual: EV Lac ~ radiation mechanism: non thermal —
stars: activity
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1 INTRODUCTION

From August 26 to August 31, 1994, and from August 30 to September 4, 1995, two
campaigns of cooperative observations of the flare red dwarf star EV Lac were un-
dertaken. As in previously described similar campaigns (Gershberg et al., 1991a,b;
Berdyugin et al., 1995; Gershberg et al., 1993; Alekseev et al., 1994; Abdul-Aziz
et al., 1995), the task of the cooperative observations was to obtain long-duration
series of homogeneous photometric data for EV Lac, which is one of the brightest
and most active objects among the UV Cet type stars, and to obtain simultaneous
photometry and other types of observations — spectral, infrared and radio, for which
the availability of synchronous photometry is essential. In this paper we describe
in detail the observations and the data obtained during these two campaigns.

2 PHOTOMETRY AND COLORIMETRY

2.1 Observations and General Results

The overall temporal coverage of EV Lac by observations, achieved in the interna-
tional campaigns of 1994 and 1995, is presented in Figure 1. The times of brightness
maxima of flares are marked by vertical lines, their lengths corresponding to the
amplitudes of flares measured in stellar magnitudes.

In the Crimea the photometric monitoring was carried out by I. Yu. Alekseev
with the UBVRI photometer—polarimeter described by Piirola (1984) and installed
on the 1.25 m reflector AZT-11. The U-band light curves of the star obtained during
these observations are shown in Figure 1. In Table 1 the quantitative characteristics
of the registered flares are listed: times of brightness maxima, durations of flare rise
(T3) and of flare decay (T,), flare equivalent durations P = [[(I; —Io)/Io] dt, Iy and
Iy being the count rates during the flare and out of the flare respectively, amplitudes
of flares AU above Uy = 12™9, colour indices U — B, B~ V,V — Rand V —~ I of
pure flare radiation at brightness maxima.

In 1994 during 32.3 hours of patrol observations in Crimea 20 flares were regis-
tered and the ratio %”fiwhere T is the total duration of monitoring, was 0.075; in
1995 during 34.4 hours 22 flares were registered and the ratio —27}—31 was 0.015.

At the Stephanion Observatory of the University of Thessaloniki, Greece, EV
Lac was monitored by S. Avgoloupis, L. N. Mavridis and J. H. Seiradakis with
the 30-inch reflector in the B-band. The telescope, its photometric system and
technique of observations were described earlier (Mavridis et al., 1982).

In 1994 the observations in Greece were carried out during nine nights - from
August 25 to September 2. Three nights — August 25 and September 1 and 2 ~ were
outside the interval of cooperative observations. During the total of 20"15™ patrol
times 17 flares were registered, including 9"37™ monitoring during the additional
nights with eight flares detected. In Table 2, which is similar to Table 1, the
quantitative characteristics of all flares registered in Greece are tabulated. In Figu-



FLARE STAR EV LAC 223

Table 1. Quantitative characteristics of flares registered in Crimea
Date and UT of T, Ta P AU U-B B-V V-R V-1I
brightness mazima min min min mag mag mag mag mag
1994
26.08. 221 07m 545 0.6 3.5 1.0 0.47
28.08. 18 30 31 0.8 20 1.6 1.32 -1.04+0.06 —-0.05%0.15 1.03x0.19
18 47 42 0.4 16.9 7.2 0.82 —0.84+0.09 0.00+0.24
19 17 01 11 7.3 2.1 0.71 —0.98+0.11
23 02 57 5.0 21 0.64
23 31 43 2.6 7.2 61.7 3.60
20.08.20 31 23 06 2.5 0.4 0.33
20 39 03 06 9.7 9.0 1.05 —0.86+0.07 —0.37+0.21
21 39 03 1.5 14.3 3.2 0.47 —0.61 +£0.20
30.08.19 30 33 0.9 228 8.7 1.14 -1.194+0.07 —-0.474+0.23
23 18 48 06 53 1.6 0.85 —0.884£0.09 —0.34+0.26
23 29 38 04 2.5 0.3 0.27
31.08. 18 45 09 04 80 3.7 138 —0.80+0.05 0.02+0.11 0.80%0.21
19 39 45 0.8 3.8 0.6 0.42
20 46 11 4.8 33.5 14.1 0.94 —0.94 4 0.09 -0.27 £ 0.20
21 21 41 1.1 29.0 114 1.29 —-0.92+ 0.09 -0.41 £ 0.21
23 23 37 09 12.2 10.5 1.83 —-0.724+0.02 0.064+0.05 0.50+0.09 0.324+0.15
24 04 06 0.7 7.0 1.5 0.56 ~1.16+0.18
24 53 03 3.5 85 3.0034 —0.784+0.23
25 37 29 3.2 4.3 1.7 0.38
1995
31.08. 18 37 24 3.0 6.51.14 0.54
19 32 12 3.0 4.0 1.18 0.33
21 13 03 0.4 12.0 1.82 0.38
22 25 01 6.0 13.8 2.72 0.47
22 42 01 0.9 3.0 0.40 0.20
23 16 26 0.6 2.9 0.51 0.45
23 32 52 0.6 2.0 0.10 0.14
25 06 43 1.3 15.5 2.05 0.20
02.09. 18 45 11 04 5.1 1.73 0.67
19 02 40 3.0 4.0 1.01 0.25
21 33 clouds
03.09. 17 30 clouds
18 48 59 09 9.0 9.20 2.13 —0.91+0.03 —0.02+ 0.06 0.40:£0.10 0.4934-0.15
20 35 14 1.9 8.3 0.98 0.22
21 01 00 0.5 2.6 0.23 0.22
21 29 13 2.6 16.5 4.05 0.45
23 45 40 0.2 1.5 0.21 0.46
04.09. 18 02 30 clouds 1.10
21 18 47 0.9 6.0 0.77 0.34
21 54 35 0.7 3.0 0.21 0.15
23 26 19 0.6 11.0 1.10 0.22
25 23 25 0.8 5.5 0.75 0.22

re 3 B-band light curves of the strongest flares with AB > 0.5 mag are given for
the events additional to Figure 2.

In 1995 at the Stephenion Observatory the observations were carried out from
August 28 to September 6. During a total of 23215™ monitoring time three strong
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Figure 1a The temporal distribution of patrol observations of EV Lac in 1994: 1, UBVRI
photometric patrol in Crimea; 2, B-band photometry in Greece; 3, UBV monitoring in Italy;
4, K-band monitoring in Italy; 5, spectral observations at the Shajn reflector in Crimea; 6, radio
monitoring in the decametric wavelength range in Kharkov; times of optical flare maxima, are
indicated by vertical lines, their lengths are proportional to the flare amplitudes measured in
stellar magnitudes; radio bursts are also marked by vertical lines which are directed upward for
the 20 MHz and downward for the 25 MHz observations.
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Figure 1b The same as Figure la for 1995: 1, UBVRI photometric patrol in Crimea; 2, B-
band photometry in Greece; 3, UBV and K photometry in Italy; 4, IR patrol in Crimea; 5, BVR
photometry in lsrael; 6, spectral observations in Crimea.

flares with AB > 0.5 mag were detected, two of which — on 29.8.95 UT 21:19 and
on 5.9.95 UT 22:27 — were registered during 5"47™ observations undertaken during
nights, lying outside the cooperative programme. Characteristics of these flares are
included in Table 2 and in Figure 3.

At the mountain station of the Catania Astrophysical Observatory on Mt. Etna
(Italy), G. Cutispoto, G. Leto, G. Marino, S. Messina, I. Pagano and M. Rodond
carried out a photometric patrol of EV Lac in 1994 with two telescopes: the 80-
cm automatic photoelectric telescope in the UBV bands and the 91-cm reflector
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Figure 2b The same as Figure 2a for 1995.

in the near IR K-band. Observations were performed during nine nights, five
of which were additional to the schedule of the cooperative programme. The
times of brightness maxima, amplitudes and equivalent durations of flares regis-
tered in the UBV bands are presented in Table 3. The K-band monitoring took
place during six optical flares with amplitudes AU from 0.5 mag up to 2.0 mag,
but only during one of them - the flare on 3.9.94 at UT 24:27 with amplitude
AU = 1.0 mag — one may suggest some effect on the K-band light curve: a gradual
decrease of the stellar brightness over 20-30 min after the optical flare decay — see
Figure 4.

At the same site UBV observations were done in 1995 during six nights from
August 30 to September 5. Due to windy weather conditions only 2"53™ of coverage
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Table 2. Quantitative characteristics of flares registered in Greece
Date and UT of Ty Ta Pp AB
brightness mazima min min min mag
1994
26.08 21+ 18.2m 0.40 5.62 1.03 0.98
28.08 23 02.8 1.32 5.60 0.38 0.18
28.08 23 315 5.12 12.28 2.85 0.80
29.08 20 39.0 0.28 9.72 0.86 0.22
30.08 23 18.5 0.28 4.40 0.17 0.16
31.08 00 276 0.04 3.50 0.08 0.18
31.08 20 45.3 0.24 2.16 0.16 0.16
31.08 21 21.6 1.52 4.73 0.17 0.21
31.08 23 24.1 1.60 6.80 1.21 0.56
01.09 <20 183 > 19.1 > 2.45 > 0.44
01.09 21 126 1.52 1.98 0.14 0.13
01.09 21 32.7 1.34 1.90 0.15 0.12
01.09 21 49.9 1.26 3.60 0.21 0.13
01.09 22 21.0 1.84 4.36 0.17 0.10
02.09 19 48.8 0.90 4.40 0.15 0.14
02.09 21 27.2 0.59 18.6 3.20 1.28
02.09 22 42.8 2.32 4.58 0.60 0.35
1995
29.08 21 19.1 2.38 51.3 7.66 0.77
03.09 18 47.7 0.72 15.7 1.30 0.55
05.09 22 26.6 0.16 0.36 0.21 0.62

were secured. No flares of amplitude greater than 0.06 mag in the U-band were
observed, exept the flare recorded on September 1 at 25:03 UT (see Table 3). Since
the descent phase of this event was missed, a lower limit for the equivalent duration
was computed. The K-band monitoring in 1995 was secured during four nights,
from August 30 to September 3. No significant variability (¢(K) = 0.025 mag) was
found during the total of 5754™ of coverage.

In 1995 during four nights V. M. Larionov carried out IR monitoring of EV Lac,
using the 70-cm telescope AZT-8 of the Crimean Astrophysical Observatory and
the TR photometer of the Astronomical Institute of the St.Petersburg University
with an InSb detector, cooled by liquid nitrogen. Taking into account results of the
IR monitoring of EV Lac in 1994 in the K-band, when no essential changes were
found during optical flares, the H-band (1.62 pm) was selected for observations in
1995. In particular, the choice of the H-band was stimulated with the location
of the H~ opacity maximum there. The observations were carried out with 24 s
integration time. The error of an individual measurement was about 0.03 mag. The
intervals of simultaneous recordings of EV Lac in the U and H bands are shown in
Figure 5. During the simultanious monitoring in the optical and IR ranges, eight
small flares with AU amplitudes of 0.2 mag up to 0.5 mag were registered. However,
no significant brightness increase or decrease in the H band was found in any case,
as expected in the case of small-amplitude flares, according to some current stellar
flare models.
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Table 3. Quantitative characteristics of flares registered in Catania
Date and UT of AU Py AB Pgp AV Py
brightness mazima mag min mag min mag min
1994

26.08 23" 08™ 38° 0.311+0.04 0.96

26.08 24 35 36 0.52+0.04 1.35 0.19+0.04 0.38

29.08 21 39 29 0.57 £ 0.04 3.37

30.08 23 17 56 0.89+0.06 1.58 0.16 £ 0.03 0.14 0.074+0.03 0.14
31.08 20 46 16 1.41+£0.01 20.4

31.08 21 22 07 1.23+0.01 73.1 0.21 4+ 0.04 4.09 0.16+0.05 3.55
31.08 23 23 57 2.05 1+ 0.01 13.0 0.65+ 0.02 1.87 0.251+0.04 0.43
31.08 24 04 24 0.59+ 0.02 1.76

31.08 24 56 23 0.43+0.03 2.12

31.08 25 37 34 0.48+0.03 6.95 0.074 0.04 0.30

1.09 20 17 51 1.824+0.01 40.4 0.63+0.01 5.91 0.28+0.02 3.21
1.09 22 21 07 1.22+£0.02 1925 0.34+£0.01 44.0 0.1440.02 7.46
1.09 26 30 05 1.35+0.02 8.53 0.3340.01 1.13 0.13+0.02 0.18
2.09 21 27 48 3.10+0.01 28.9 1.18+0.01 4.11 0.611+0.01 1.04
209 23 05 34 0.51+0.05 1.79 0.14 1 0.02 1.75

2.09 24 10 48 1.23+ 0.02 88.4 0.34+0.02 14.2 0.074+0.02 2.84

3.09 24 26 45 1.03+0.02 2.11 0.37 £ 0.01 1.05 0.07£0.02 0.18
3.09 25 26 22 0.65+0.02 4.21 0.10+0.01 0.53 0.06+£0.02 0.40
10.09 25 31 10 0.39+0.05 0.41
10.09 25 51 20 0.46 £ 0.05 1.25
1995
1.09 25 02 53 0.69+ 0.06 > 108 0.124+0.04 > 0.84 <0.03

2.2 Analysis of Colour Indices of Pure Flare Radiation

Among the 42 flares, listed in Table 1, two were strong enough that it was possible
to estimate all colour indices of pure flare radiation with sufficient accuracy. These
were the flares observed on 31.8.94 at UT 23:24 and on 3.9.95 at UT 18:49, for which
the errors of each of the four colour indices of the UBVRI system do not exceed
0.15 mag near brightness maxima. The technique of the analysis of such powerful
flares with colour—colour diagrams for pure flare radiation has been described earlier
(Alekseev et al., 1994; Abdul-Aziz et al., 1995).

In Figure 6 the U-band light curves and colour index curves are given for the
above mentioned powerful flares. Numbered vertical dashed lines mark characteris-
tic points on the light curves, which were chosen for the colourimetric analysis. On
the light curve of the flare on 31.8.94 point 1 is at the premaxunum phase of the
flare, points 2 and 3 are located at the main and secondary brightness maxima and
point 4 is the last point on the descending branch of the light curve, where all four
colour indices can be measured with a sufficient degree of accuracy. On the light
curve of the flare on 3.9.95, point 5 is at the brightness maximum and point 8 is
similar to point 4 in the previous flare.

In Figure 7 numbered rectangles, whose numbering corresponds to points in
Figure 6 and whose sizes correspond to the errors of determination of the respective
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Figure 6 Light and colour indices curves of two strong flares, registered in the UBVRI system in
Crimea on 31.8.94 and 3.9.95; in the quiet state the star has U = 1299, U—-B = 171, B—-V =176,
V-R=1"8and V — I =372.

colour indices, mark the pure flare radiation location on the colour—colour diagrams.
The locations of several known emission mechanisms mentioned in the caption of
Figure 7 are also given by geometric curves. Comparing these data with the obser-
vations, it is possible to draw some conclusions concerning the physical nature of
flare radiation.

As well as in earlier investigated powerful flares (Alekseev et al., 1994; Abdul-
Aziz et al., 1995), taking a close look at the (U — B, B—V') diagram, one notes that
flare radiation at the brightness maxima — rectangles 2,3 and 5 — close enough to the
black body radiation. The flare radiation shortly before the brightness maximum ~
rectangle 1 — can also be explained by the same mechanism. The (U — B, V — R)
diagram indicates that this flare radiation is shifted from the black body line toward
the regions of hydrogen plasma or layers of stellar atmosphere heated up by fluzes
of fast particles. The (B—V,V — R) diagram shows that the alternative, proposed
by the previous diagram, should be solved in favour of plasma radiation. Finally,
the situation does not seem to be clarified by the (U — B, V — I) index: in the
(U — B, V — I) diagram the flare radiation during the brightness maxima covers a
very wide area, occupied by all considered mechanisms of emission. Passing to the
colour indices of the flare fading phase — rectangles 4 and 6 — we find shifts of flare
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Figure 7 Colour-colour diagrams for pure flare radiations of two strong flares of EV Lac and
several theoretical models of emission mechanisms: I, black body radiation for temperatures within
the range from 6000 up to 20000 K; II and IIl, radiation of hydrogen plasma optically thin in
the Balmer continwum (Bac) at an electronic temperature 10000 K and electron densities of
10'2 and 10'* em™3; IV and V, radiation of hydrogen plasma optically thick in Bac at electron
temperatures of 10000 and 15000 K, respectively; VI, VII and VIII, radiation of the layers of
the atmosphere of a dwarf star, heated by a fluz of fast particles. The numbering of rectangles
corresponds to the vertical lines in Figure 6.

radiation from black body toward hydrogen plasma or layers of stellar atmosphere
heated up by fast particlesin the (U — B, B— V) and the (U — B, V — R) diagrams.
In the (B—V, V — R) diagram we see the location of flare radiation within the area
of hydrogen plasma for the flare on 31.8.94 and a shift out of bound of the location
of the considered sources for the flare 3.9.95. For both these flares in the (U — B,
V — I) diagram we find the location of flare radiation within the area of hydrogen
plasma or layers of stellar atmosphere heated up by fast particles or a shift out of
bound of the location of the discussed sources.

Thus, the colourimetric analysis of the observations of powerful flares of EV Lac
in 1994 and 1995 confirms our previous conclusion: at any stage of development
of such flares no single radiation mechanism among those concerned — black body,
optically thin and thick (in the Balmer continuum) hydrogen plasma and layers of
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stellar atmosphere heated by fast particles — can explain the observable properties
of flare radiation within the whole UBVRIrange of wavelengths. A full explanation
would require some combination of the considered radiation mechanisms, for ex-
ample, a short-lived black body radiation plus a hydrogen plasma emission of some
optical thickness, or the development of a more sophisticated non-uniform model of
stellar flares.

2.3 Spotiedness of EV Lac in 1994-95

The photometric monitoring for EV Lac in the Crimea was interrupted every 30~
40 min for UBVRI measurements of the comparison star SAO 52337. Thus, the
data obtained permit us to study both the flare activity of the star, considered
above, as well as the slow brightness changes of small amplitudes, which are due to
heterogeneities of the star’s spottedness.

The nightly averaged brightness of EV Lac is shown in Figure 8. The draw-
ing shows slow variations with an amplitude AV = 0.02 mag in 1994 and AV =
0.04 mag in 1995.

Using a similar procedure of analysis as in previous campaigns, we evaluated
the differential spottedness between bright and dark hemispheres of the star and
the starspot temperature, using simple relations without accounting for the limb-
darkening effect (Gershberg et al., 1991b). Within the framework of such an approx-
imation, the mentioned brightness amplitudes correspond to differential spottedness
of the EV Lac hemispheres of 3.9% in 1994 and of 7.7% in 1995, and to a temper-
ature difference between the quiet photosphere and the starspot regions of 240 and
250 K.

Recently Alekseev and Gershberg (1996a—c) have offered and developed a model
of zonal spottedness for red dwarfs. In this model one takes into account both the
effect of limb-darkening and absolute maximum of the stellar brightness, found from
long-term photometric measurements. Applying this model to our observations, we
found the following estimations concerning the absolute spottedness of the star:
in 1994 the brightest hemisphere was covered by starspots up to 6.3%, and the
darkest hemisphere by 7.5%; in 1995 the corresponding values were 8.9% and 11.0%
respectively; the starspot temperature was lower by 210-220 K compared to the
quiet photosphere.

In 1995 from June 27 to September 4 independent observations of the EV Lac
spottedness were carried out by S. V. Pustil’nik, G. Sh. Roizman and G. P. Sigal at
the Sea of Galilee Astrophysical Observatory, Israel. Observations were carried out
at the 16-inch Schmidt—Cassegrain telescope with the ST-6 CCD camera for BVR
photometry. The primary reduction was fulfilled by an aperture photometry with
elliptical digital diaphragms which were chosen using an isophot system. The data
obtained in the V-band are given in the lower panel of Figure 8. They contain an
order of magnitude more measurements than the Crimean data, and independent
processing of these observations within the framework of the zonal model of stellar
spottedness gave much better results. However, spottedness parameters obtained
from these data — 9.2% and 11.56% of the stellar surface occupied by starspots and
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Figure 8 Nightly averaged magnitudes of EV Lac in the quiet state in 1994 (a) and in 1995 ($),
measured in Crimea, and measured in 1995 (c) at the Sea of Galilee Astrophysical Observatory,
Israel. The absolute maximum of the stellar brightness is indicated by the dashed line.

the temperature difference for the quiet photosphere and starspots of 210 K - turned
out to be very close to those determined from the Crimean observations.

3 SPECTRAL OBSERVATIONS

Spectral monitoring of EV Lac was carried out in 1994 and in 1995 with the Shajn
2.6 m reflector of the Crimean Astrophysical Observatory by S. V. Berdyugina,
R. E. Gershberg, N. I. Shakhovskaya and V. A. Shcherbakov.

8.1 Results of Observations in 1994

In 1994 spectral observations of EV Lac were carried out in the region of the Hg line
with the technique described in detail earlier (Abdul-Aziz et ol, 1995). The SPEM
spectrograph installed at the Nasmyth focus supplied with the Russian CCD system
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Table 4. Characteristics of the EV Lac spectra in the quiet state in 1994

Nights 26.8 27.8 28.8 29.8 30.8 31.8
Nightly averaged

Summary

exposure 45 45 40 185 111 73
{min)

Number of

spectra 3 4 4 18 11 7
Ws (R) 4.9+0.1 4.840.1 5.040.1 4.7+0.1 4.440.1 5.0+0.2
FWHM; (&) 4.640.1 5.040.1 4.940.1 4.6£0.1 4.940.1 3.740.1
FWQM; (&) 6.240.03  6.7+£0.02  7.1+0.1 6.7£0.1 6.940.1 5.840.1
W, (A) 10.04£0.4  12.541.2 8.6+0.6  10.5%£0.3  10.74£0.3 8.640.4
FWHM,, (&) 4.5+0.2 5.440.3 5.940.1 5.740.1 5.540.2 4.740.2
FWQM, (A) 8.140.2 8.640.4 9.440.5 9.14+0.2 8.940.3 7.0£0.1
J 4761 A 1.63+0.02 1.5140.03 1.5440.01 1.5440.01 1.521+0.01 1.5540.07
J 4955 A 1.9540.01 1.954+0.02 1.9240.02 1.9240.01 1.9240.02 1.9440.01
J 5448 A 1.70-4:0.01 1.714+0.01 1.714+0.01 1.70£0.01
Phase of axial :

rotation period 0.30 0.50 0.75 0.98 0.22 0.43

Astro-550 ISTA was used; the CCD system contained 600 x 520 pixels{Berezin et al.,
1991). The diffraction grating with 600 grooves/mm provided a dispersion of about
100 A/mm or 2.2 A/pixel. The FWHM of the instumental profile was 4 A for an
entrance slit width of 1.5. The grating was fixed for monitoring in the wavelength
range from 4190 A up to 5480 A. Due to expansion of the registered range toward
shorter wavelengths by 260 A, as compared to the observations in 1992, spectra
obtained in 1994 can be used to investigate the behaviour of two Balmer lines ~ Hg
and H, — simultaneously. In the quiet state of the star the signal/noise ratio reached
140 in the centre of the Hg line, 90 in the adjacent continuum, 70 in the centre of
the H, line and 30 in the adjacent continuum for exposures of 10 minutes. On both
sides of the stellar spectrum the standard Ne—Ar lamp comparison spectrum was
placed. The dead time between exposures in order to make a comparison spectrum
and flat field and for the reading of the CCD was 1-2 minutes.

A total, 179 EV Lac spectra were recorded during this campaign. The majority
was obtained with exposures of 10 minutes. Between observers at the Shajn reflector
and AZT-11 a telephone link was maintained during the observations. Thus during
the quiet state of the star, exposures were sometimes increased up to 15 minutes,
whereas during flares they were decreased to 5 minutes.

3.1.1 Spectra of the quiet state of the star

By inspecting the U-band light curves of EV Lac and the temporal distribution
of the obtained spectra we were able to select spectra which most probably cor-
responded to the undisturbed state of the star for each of the six nights. The
quantitative characteristics of the night-averaged quiet state spectra and their root-
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mean-square errors are listed in Table 4. The table shows that photospheric char-
acteristics of the spectrum — the magnitudes of intensity jumps at the heads of TiO
molecular bands A 4761 A, 4955 A and 5448 A — were practically constant during
the whole campaign and rather close to the values measured in 1992 (Abdul-Aziz
et al., 1995). Chromospheric characteristics — the equivalent widths of the emission
lines Hg and H, and their full widths at levels of half and of quarter maximum in-
tensity, - FWHM and FWQM, respectively — show rather small changes from night
to night, which in several cases fall outside the limits of probable errors of measure-
ments. Since the values of FWHM are determined mainly by instrumental profiles,
their variations from night to night are less noticeable than changes of equivalent
widths of lines. But considering variations of equivalent widths it is possible to
find some repeatability of appropriate values through four days, the period of axial
rotation of the star; this fact can be connected to the non-uniformity of the stellar
chromosphere and regarded as a proof of the reality of such changes. The phases
of the stellar axial rotation period of the star are given in the last line of Table 4.
Finally, the closeness of the FWHM of Hg in 1992 and 1994 should be noted, while
equivalent widths of this line in 1994 were significantly larger than in 1992.

8.1.2 Spectra of the active state of the star

An increase of the stellar brightness by AU ~ 0.10-0.15 mag or more is accompa-
nied, as a rule, by changes of chromospheric spectrum characteristics. However, for
a quantitative discussion of such changes, only long-lasting flares are suitable, for
which our 5-10 minute spectral exposures do not blend with the quiet state of the
star.

The Hg and Hy emission lines

In Figure 9 the U-band light curves together with all equivalent widths of the
emission lines Hg and H, are gathered for four nights, when flares of noticeable
amplitudes were observed; the 20 error values of measurements indicated in the
plots were determined from the scatter of the corresponding measurements in the
quiet state of the star for each night. The plots show a close correlation between
Wa, and Wy, While a connection between these values and the brightness of the
star in the U-band is not so clear. The absence of a strict linear dependence between
the equivalent widths of the two Balmer lines is apparently due to the finite optical
thickness of the matter of flares in these lines and, possibly, to various contributions
of flare emission to the adjecent continuum. Concerning the slower fading of flares
in lines compared to the fading rate in the U-band, this fact was already found
during the first simultaneous photometric and spectral observations of stellar flares
with high temporal resolution (Gershberg and Chugainov, 1966, 1967; Kunkel, 1970;
Bopp and Moffett, 1973; Moffett and Bopp, 1976), and our results confirm earlier
conclusions obtained with photographic techniques.

As is known, the main difference between the profiles of emission lines in the
UV Cet-type flare star spectra taken during flares and in the quiet state of the
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Figure 9 The U-band light curves of EV Lac and simultaneous measurements of the equivalent
widths of the emission lines Hg, H, He I X 4471 A, He II ) 4686 A, blend A 5167-73A and line
Mg 1) 5184 A,
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star is the appearance of wide wings, frequently asymmetric, during flares. For the
quantitative consideration of the EV Lac emission lines’ profiles obtained by us dur-
ing the active state of the star, we have selected all spectrograms with appreciably
increased equivalent widths of the Hg line or with noticeable broadening of this line
at the level of 1/4 of maximum intensity (FWQM). The twenty selected spectra
are numbered in Figure 9 and their quantitative characteristics — equivalent widths
of the emission lines Hg and H, and total widths of these lines at the level of 1/4
maximum intensity (FWQM) — are presented in columns 4 to 7 of Table 5. In the
last line of the table correlation coefficients between the Hyg and H, line parameters
are given. The first five of the selected spectra refer to rather short flares on 28.8.94
at UT 18:48, 19:17, 23:32, on 29.8.94 at UT 20:39 and to the flare on 30.8.94 at UT
19:30 with two maxima. The other 15 spectra cover a 3-hour interval of the active
state of the star on 31.8.94 at UT 20:30-23:30, during which at least eight fast
flares of various amplitudes and the slow fading of the stellar brightness after the
double flare at UT 21:21 took place. To all these spectra the technique of picking
out an active state spectrum described earlier (Abdul-Aziz et al., 1995) was applied
for every active state spectrum: the average quiet state spectrum taken during the
same night was subtructed by the following procedure

[pure spectrum of flare] = [record of spectrum of a flare]

— &[record of a quite spectrum for the same night] (1)

The factor k was fitted to minimize the intensity jump at the head of the TiO
molecular band A 4955 A in the pure spectrum of the flare. The widest eight of the
obtained profiles are shown in Figure 10: thick solid lines relate to Hg, thin solid
lines to H,, the values of their FWHMg and FWQMg are given in columns 8-11 of
Table 5.

The 20 selected profiles of the pure flare spectra were then presented as sums of
Gaussian components. .

Firstly, following Doyle and Byrne (1987), every profile was represented by a
sum of two Gaussians and their widths, intensities and central wavelengths were
fitted to the observed profiles. The results are given in columns 12-17 of Table 5.
The table shows that practically all of the considered profiles can be represented by
a sum of two rather desimilar Gaussians: a narrow component with high intensity
at the centre and a wide component with low central intensity. The FWHM,,,, of
the narrow components — see columns 12 and 13 - is very close to the widths of
the instrumental profiles, and the FWHM,,;q4 of the wide components — see columns
14 and 15 — a few times larger and exceeds 20 A for the 15th and 20th spectra,
which were obtained during the maximum of Wy, on 31.8.94, close to UT 22:00 and
during the fast flare of large amplitude on 31.8.94, UT 23:24 respectively. During
fast flares, the wide components contribute appreciably or even mostly to the total
emission in the considered lines — see columns 16 and 17 of Table 5 — but their share
drops to negligible values during the smooth fading of the emission in the slow event
on 31.8.94. In Figure 10 the observed profiles of the Hg line, represented by a sum
of two Gaussians, are given by dashed lines. The relative shifts of the centres of the
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Figure 10 Profiles of emission lines: Hg - thick solid lines - and H~ — thin solid lines — in pure
active state spectra and representation of Hg profiles with two Gaussians — dashed lines.
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narrow and the wide components of both signs do not exceed, as a rule, 100 km/s,
the pixel size in our velocity scale.

Then, as in the analysis of the 1992 observations (Abdul-Aziz et al., 1995), the
selected profiles of emission lines of pure flare spectra, were fitted by sums of several
Gaussians with instrumental widths but with different central intensities and with
various shifts along the velocity axis. In all cases five or less such components
were enough for a good representation of the observations and root-mean-square
velocities between the components turned out to be within the range between 400
and 700 km/s.

Emission lines of helium and metals

Analysing the 1992 spectral observations, we have coadded all pure flare spectra and
identified 10 lines of He, Fe and Mg in the composite spectrum — see Figure 15 in
Abdul-Aziz et al. (1995). In the course of this identification we used earlier spectral
observations of flares of the UV Cet-type stars (Joy and Humason, 1949; Gershberg
and Chugainov, 1966, 1967; Greenstein and Arp, 1969; Bopp and Moffett, 1973;
Mochnacky and Shommer, 1979), observations of T Tau-type stars (Joy, 1945),
solar flares (Severny et al., 1960) and solar prominences (Tandberg-Hanssen, 1963).

A similar composite pure spectrum of flares, observed in 1994, is given in Fig-
ure 11. All non-hydrogen lines detected in 1992 are easily seen in this plot. In
addition, a cross-examination of the 1992 and the 1994 composite spectra permit-
ted the identification in both spectra of the following additional lines: the He I A
4713 A line, which was suggested by Greenstein and Arp (1969) in the spectrum
of the Wolf 359 flare, the Fe I (36) A 5042 A line, detected earlier in solar flares
(Severny et al., 1960), and the Ti I (4) A 5210 A line.

Among several detected lines of neutral helium the A 4471 A line is the strongest.
Monitoring of the temporal variations of the intensity of this line during the pro-
longed activity of the star on 31.8.94 shows that it responds faster to the beginning
of fast flares in the U-band. But it is not clear whether this feature is similar to the
fast bursts of the He T A 4922 A, detected by Bopp and Moffett (1973) in the flare
on UV Cet on 14.10.72 at UT 08:29. All our measurements of equivalent widths of
the He I X 4471 A line are presented in the fourth panel in Figure 9. During the
31.8.94 observation the correlation coefficient between these values and Wy, was
T(W4471, WHB) = 0.76.

In Figure 11 the split of the He II ) 4686 A attracts attention: the component
shifted by —400 km/s is no less intense than the non-shifted one. The consideration
of individual spectra, numbered in Figure 9, has revealed that this splitting effect
in the composite spectrum is caused by spectra, taken on 31.8.94 — NN 9, 13, 14,
17 and 19 — which, as already noted, cover a number of fast flares and subsequent
slow brightness fading of the star. Only blue-shifted He I emission is seen in three
consecutive spectra, obtained on 31.8.94 after the strong flare at UT 23:24 in the
time interval UT 23:49-24:27, including the fast flare with the brightest maximum
at UT 24:04 - see Figure 9. A careful examination of the composite pure spectrum
of flares of EV Lac in 1992 permits us to suggest some strengthening of the blue
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Figure 11 Composite pure flare spectrum for events listed in Table 5.

wing of this He I1 line. All measured values of Wiege are presented on the fifth panel
in Figure 9. (For convenience of consideration in this fifth panel the numbering of
pure spectra chosen for analysis of flares is repeated.) It should be noted that the
He II AX 4686 A line is rather rarely detected in flares of the UV Cet-type stars
and so the prolonged emission in this line on the 31.8.94 spectrum of EV Lac can
be thought of as an exclusive event. It is possible that the long-lived emission of
He II X 4686 A in the EV Lac spectrum has the same physical nature as the long
enhancement of the He II A 1640 A in the AD Leo spectrum after the impulsive
flare observed on 2.2.83 (Byrne and Gary, 1989).

Finally, the data on emission lines of metals in the EV Lac spectra are presented
in the two bottom panels in Figure 9.

In the sixth panel the measurements of the blend, which includes two compo-
nents of the Mg I (2) triplet, the component of the Fe II (42) triplet and two weaker
lines from the Fe I (36) and (37) multiplets, are given. Apparently, the main con-
tributor to this blend is the Fe IT (42) X 5169 A line. Indeed, the two Mg I (2)
components, involved in this blend, should be close in sum to the separately reg-
istered X 5184 A component (Joy, 1945), but this component, as Figure 11 shows,
is much weaker than the considered blend. The correlation coefficient between the
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equivalent widths of the blend and Hg throughout the night of 31.8.94 is rather high:
r(Ws169, Wi, ) = 0.94, which permits us to believe that emissions of hydrogen and
the considered triplet of Fe II are located at the same layer within the flares.

In the seventh panel in Figure 9 the equivalent widths of the strongest component
of the Mg I (2) triplet A 5184 A are presented. The drawing shows that variations
of this emission correlate well with the majority of the previously considered emis-
sions: T'(W5134, WHﬂ) = 089, T(W5184, W5169) = (.91 and T(W5184, W4471) = 0.77.
The rather weak lines of Fe I (15, 37) A 5270 A and Ti (4) X 5210 A correlate
with the mentioned emission as well: r(WSZTOiWHﬁ) = 0.91, T(W5270, W5169) =
0.86, r(Ws270, Ws1s4) = 0.87, r(Wisaro, Waar1) = 0.68, r(Wsazo, Wsz10) = 0.85,
r(Wsa210, Wh,) = 0.77, r(Wsai0, Wsi69) = 0.78, r(Wsa10, Ws1s4) = 0.89 and
7(Ws210, Waar1) = 0.68. The above analysis shows that there is a better corre-
lation of the Hyg intensities with metals, than with the He I A 44714 line. From
this general regularity the He IT A 4686 A drops out obviously: the correlation co-
efficients between this line and the other considered ones are within the range from
0.20 to 0.33. This suggests that the regions of formation of He II and the other
detected emissions are located in different layers of the excited atmosphere of the
star.

Continuum emission of flares

The intensity of continuum emission of a flare can be evaluated by exact measure-
ments of the veiling of intensity jumps at the heads of TiO molecular bands (Abdul-
Aziz et al., 1995). Indeed, if the magnitude of an intensity jump J = Ix_/I», is
Jg in the quiet state of the star and J; during a flare, then the intensity of the
continuum emission of the flare A7 near the jump is defined by the relation

AI/IA_ :(Jq—Jf)/Jq(Jf”‘l)- (2)

This relation can give confident results only if the accuracy of measurements of
Jq and J; is high enough. The accuracy of measurements 6J, is given in Table 4;
the accuracy of measurements 6J; during flares can be evaluated as

1/2
67; = (%l) x 6J,, 3)

where Xt, is the sum of exposure times of the star in the quiet state during the
relevant night, listed in Table 4, and ¢; is the exposure time of the spectrum taken
during the flare. Using these values 6J, and éJf, we have found that from all
spectra, listed in Table 5, only in three cases do the ratios AI/I,_ exceed by several
times the corresponding errors of their determination: the measured intensity jump
at A 4955 A turned out to be equal to 0.17 & 0.05, 0.09 & 0.03 and 0.08 + 0.02 in
the spectra NN 3,4 and 14. The intensity jump at A 4955 A lies close to the middle
between the effective wavelengths of the B and the V bands. Therefore, the veiling
of this jump should correlate with the amplitude of a flare: Am = (AB 4 AV)/2.
Unfortunately, only for the spectrum N 14 among the three considered jumps do
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we have enough reliable photometric measurements: Am = 0.13 mag; as far as
1 — dex(—0.4 x 0.13) = 0.11, concerned spectral and photometric measurements
give rather well agreeed estimations of the flare continuum.

3.2 Results of Observations in 1995

In 1995 the spectral observations of EV Lac at the Shajn 2.6 m telescope were
carried out in the region of the H, line with the coude spectrograph supplied with
the CCD system Photometrics Ltd SDS-9000. The CCD’s length is 28 mm and has
1024 x 256 pixels. The diffraction grating with 600 grooves/mm was installed to
work in the second order for the first night of observations and in the first order for
the other four nights. In the second order the grating gave a dispersion of 2.4 A /mm
(or 0.065 A/pixel) and a spectral resolution of 0.37 A for an entrance slit of 1.0;
the wavelength range between 6530 A and 6598 A was covered. In the first order
the grating gave a dispersion of 4.8 A/mm (or 0.13 A/pixel), spectral resolution
0.74 A for the same slit and the wavelength range from 6500 A to 6632 A was
covered. The dead time interval between consequent exposures needed to make a
comparison spectrum, flat field and to read the CCD was 1-2 minutes.

As in 1994, between observers at the Shajn reflector and AZT-11 a phone link
was maintained, and during the quiet state of the star exposures were increased up
to 30 minutes, while during flares they were decreased to 5-10 minutes. In the quiet
state of the star the signal/noise ratio reached 150 in the centre of the H, line and
90 in the adjacent continuum.

In total 64 spectra of EV Lac were registered during this campaign.

3.2.1 Spectra of the quiet state of the star

Using the U-band light curves of EV Lac for each night, we selected spectra which
corresponded to the quiet state of the star with a high probability, that is free from
flare effects. The nightly averaged quantitative characteristics obtained from these
spectra and their probable errors are given in Table 6. One spectrum of 1.9.95, when

Table 6. Characteristics of the EV Lac spectra in the quiet state in 1995

Nights 31.8 1.9 2.9 3.9 4.9
Nightly averaged

Number of spectra 4 1 6 8 4
Summary exposure

(min) 104 15 180 240 114
Wy, (R) 5.35£.24 4.00 3.52+.04 3.80%£.04 4.70%.16
FWHMy_ (&) 1.31+.04 1.34 1.37+01 1.36+.01 1.39+.01
FVVQMH‘,_‘r (A) 1.594+.01 1.79 1.784.01 1.784.01 1.80%.02
Weal 26573 (A) 0.58+.02 0.45 0.50+.01 0.514+.01 0.48%+.01

Phase of axial
rotation period 0.02 0.22 0.50 0.71 0.96
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Figure 12 Nightly averaged H, profiles for the quiet state of the star in 1995.
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the weather conditions did not allow us to carry out the photometric patrol, is also
included in Table 6. For each night, Table 6 gives the values of equivalent widths
of the H, line, its total widths at levels of half and quarter maximum intensities
and the equivalent width of the strongest absorption line within the wavelength
range considered — Ca I (1) A 6573 A. In the last line of Table 6 the phases of the
axial rotation period, calculated for the brightness minima of the star, are given;
these minima correspond to times when the most spotted region of the star passed
through the central meridian — see Figure 8.

Both the average values of Wy_ and their variations from night to night are
close to the corresponding values obtained during the EV Lac campaign in 1990
(Gershberg et al., 1993).

In Figure 12 nightly averaged quiet state H, line profiles corresponding to the
four nights in Table 6 are shown. Every profile is normalized to the corresponding
local continuum of the stellar spectrum. Therefore, the differences of the profiles
visible in Figure 12 are caused by both different absolute intensities of the line
and differences in the absolute levels of the local continuum, which are due to
brightness variations, caused by the non-uniform spottedness of the rotating star.
However, since the rotational modulation of the EV Lac brightness in the R-band
does not exceed 0T04, the variations of the absolute continuum levels in these
nights cannot be more than 4%. Therefore the decisive factor in the variations of
the intensity of the profiles in Figure 12 is the differences in the absolute intensities
of the chromosphere on different longitudes of the star. Table 6 and Figure 12 show
an appreciable excess of Wy _ values on dates 31.8 and 4.9 above these values in
other nights. The closeness of phases of the axial rotation period of the star on
these two nights suggests that the noted excess is caused by the passing of the same
active area with powerful chromospheric emission through the visible disk of the
star.

The H, line recorded on 31.8.95 with the spectral resolution of 0.37 A showed
a two-peaked structure in the centre of the profile. During the subsequent nights,
when twice the lower spectral resolution was used, this structure was not seen.

3.2.2 H, emission in the active state of the star

In Figure 13 vertical positions of the horizontal lines indicate the values of the
equivalent widths Wy, and the U-band light curves are also shown. From this
plot 14 spectra with the largest Wy, were selected for further consideration. We
consider these spectra to be connected with the active state of the star. On the
drawing the selected spectra are numbered.

The drawing shows that there exists no unique relation between the Wy_ and the
stellar brightness: several spectra with large Wi correspond to times of brightness
maxima of flares (NN 1,3,5,8), others to fading phases of flares (NN 2, 4, 6), and
the strongest emission of the H, line took place during more than 3 hours after
the rather short flare on 4.9.95 at about UT 18:00-18:10; this event reminds us
of the prolonged enhancement of emission lines in the green region of the EV Lac
spectrum on 31.8.94 at UT 20:30-23:20 described above.
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Figure 14 Profiles of pure flare radiation in the Hy line for the active state of the star: profile
numbering corresponds to Figure 13.

In Table 7 quantitative characteristics of the 14 selected spectra are assembled.
In the third column of the table the U-band amplitudes at the beginning of the
spectral exposures, at their end and there averaged over the whole duration of the
exposures are given.

In Figure 14 profiles of the pure flare radiation in the H,, line in 14 selected
spectra. are shown. They were obtained by the subtraction of an appropriate
nightly averaged quiet state profile from the considered spectra. The subtraction
was carried out according to relation (1), but now the factor « was fitted so that
beyond the limits of the interval AX 6559-6566A the sum of squares of the calcu-
lated differences was minimized. In principle, this scheme is less exact than the
one applied in the 1994 analysis, since a continuous flare emission is supposed to
be negligible here. The usage of this wittingly less precise scheme is caused by the
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Figure 14 Continued.

absence of strong absorption details in the considered wavelength range: there are
no significant intensity jumps at the heads of TiO molecular bands here and mea-
surements of veiling of the strongest absorption line Ca I A 6573A do not provide
the necessary accuracy for the evaluation of a flare continuum. However, in the red
region of the spectrum the ratio of the intensity of flare continuum emission to the
stellar continuum is much less than in the green region of the spectrum, therefore,
any introduced errors should be small.

Figure 14 shows an asymmetry of some profiles of pure flare emission: in spec-
tra NN 2 and 5 it is possible to suggest a strengthening of the “blue” wing, and in
almost all spectra on September 4 (NN 7-13) a strengthening of the “red” wing is
confidently observed. The profiles of the pure flare radiation can be well represented
by Gaussians: for each of the rather symmetric profiles (NN 1-6) one Gaussian is
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enough; for the asymmetric profiles (NN 7-13 and N 14) two Gaussians with appre-
ciably different widths are needed. The parameters of these Gaussians are listed in
the last four columns of Table 7: in columns 8 and 9 the total widths at levels of
half maximum intensities of the narrow and the wide Gaussians, respectively, are
presented. In column 10 the percentage of total energy within the wide components
is shown and in column 11 the shifts of the centres of the wide components relative
to the narrow ones are given. The table shows that these shifts, as a rule, are of
several dozens km/s and that the wide Gaussians contain from 23 up to 79% of
total flare emission in the line.

Estimations of the widths of various emission lines are essential for the diag-
nostics of radiating matter. However, making quantitative comparison of the data
in Tables 5 and 7 one should take into account, that, firstly, these data refer to
independent events on EV Lac and, secondly, they are obtained with different spec-
trographs and their instrumental widths differ by about five times. Keeping in mind
these circumstances, we can note that while the systematic excess of the FWHM
values of the narrow Gaussians in the Hg and H, profiles above the corresponding
values in the H, profiles can be attributed to the closeness of all these values to
respective various instrumental widths, the FWHM values of the wide Gaussians
exceed instrumental widths by several times in all cases. Thus, on the basis of the
data obtained, this circumstance permits us to assert that in the EV Lac active
state the characteristic broadening of the H, line is by several times less than the
broadening of the Hs and H, lines.

4 OBSERVATIONS OF EV LAC IN THE DECAMETRIC WAVELENGTH
RANGE

4.1 Observations and Analysis of Obtained Data

As in the 1992 campaign (Abranin et al., 1994; Abdul-Aziz et al., 1995), in 1994
EV Lac was monitored with UTR-2 at frequencies of 20 and 25 MHz. For these
observations UTR-2 was supplied with a new system of preamplifiers with essen-
tially larger — by about 12 dB - dynamic range. The high linearity of the amplifiers
with optimal distribution of amplification between the receiving elements decreased
intermodulation interference significantly. The last one is known as the main re-
stricting factor in the reception of weak signals at the decametric band, which is
highly loaded by radio station interference.

Earlier we used three criteria to select probable bursts of stellar origin from
terrestrial interference: (1) comparison of signals at two beams, one of which was
directed towards the star and the other was shifted by about one degree in decli-
nation; (2) comparison of the time of signal arrival at different frequencies with an
expected relative delay of the lower frequency due to dispersion within the interstel-
lar medium and (3) time coincidence of radio bursts and optical flares on the star.
In 1994 an additional and more effective criterion to select radio bursts from the
star was applied as follows. At each frequency of observations the flux density of
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the signal was measured simultaneously by two channels with essentially different
antenna paterns. In the first channel the north-south and the east-west signals of
UTR-2 were multiplied and gave Sx, and in the second one they were added and
gave S;. The flux density of the responses of the two channels was calibrated using
Cyg A, whose declination lies close to the declination of EV Lac (6 = 40°36’). If
the bursts were received from the direction to the star, the fluxes measured by both
channels should be equal within the measurement accuracy, which is about +30%.
Otherwise they differed by several times. If interference was detected only by one
of arms, in the added channel the response (Sy) appeared to be about 30 dB higher
than in the multiplied one (Sx).

We note that in the case of an aerial of the size of UTR-2 with ideal amplitude-
phase current distribution and accounting for the fact that interference from radio
stations comes from altitudes that do not exceed 15°, this difference should be of the
order of several dozens. However, due to the large spread of phases and amplitudes
of the currents in the vibrators and the floors of aerial phasing a rather large diffuse
field is found. Therefore the far side lobes appear to be contaminated significantly
by the diffuse field which leads to a reduction of the Sy /Sx ratio.

In 1994 EV Lac was monitored from 20:30 UT till 26:00 UT each night from
August 26 to August 31. During this time 18 cases of increased radio emission were
registered. They all were selected exclusively by the first of the above-listed criteria.
However, 12 of them did not satisfy our new criterion and, hence, represented
interference, received by the side lobes of the aerial.

The other six bursts, which satisfy two of our criteria (the first of the old criteria
and the new criterion), are marked in Figure 1 by straight vertical lines with a linear
scale of 120 Jy/mm; bursts detected at 20 MHz are marked with lines directed up-
ward from the time axis and bursts detected at 25 MHz are marked with downward
directed lines. Quantitative characteristics of these bursts are given in Table 8.

Table 8. Characteristics of the UTR-2 radio bursts selected by comparing the signals
in two beams pointing at different directions

Beginning Sx St S4+/S= Duration of
Date of burst 25 MHz 20 25 MHz 20 burst (s)

(uT) {Jv) Jy) (Jy) (Jy) 25 MHz 20

26.8.94 220 07™ 518 170 150 0.9 10

27.894 22 25 34 1000 1100 1.1 6

27.894 22 25 54 410 540 1.3 5

27.8.94 22 26 06 1250 1400 1.1 17

28.894 21 39 50 150 210 150 200 1.0 10 12
28.894 23 12 34 2500 4000 1.6 53

It should be emphasized that our new criterion (as well as all criteria used
earlier) does not guarantee a confident identification of a signal from the star: if
responses Sy and S;. are not equal, the detected signal is certainly interference,
but if Sx and S; are about equal, it does not represent final evidence that the
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Aug, 27, 199

Figure 15 Decametric bursts registered by UTR-2 during the monitoring of EV Lac.

burst is received from the star by the primary lobe. A similar signal can be received
casually, under some conditions, even through the side lobes.

In this respect there are serious doubts concerning the bursts on August 28. One
of them — at 23:12:34 UT - gave a ratio of S;/Sx = 1.6, an appreciable difference
from unity and which exceeds the errors of our measurements. This fact alone is
enough to exclude this burst of stellar origin. Furthermore its temporal duration is
typical for interference. Concerning criterion 3, the occurrence of this burst about
10 minutes after the optical flare — similarly to the most intense solar type II bursts —
is likely to be casual. :

A very weak burst was observed earlier on this night, at 21:39:57 UT, simulta-
neously at two frequencies, which is a rather rare event. The total duration of these
bursts at zero level is about 10 s. Unfortunately, both these burst activities ~ espe-
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cially at 25 MHz — were observed at the low limit of the radio telescope sensitivity,
and in time close to the discrete switching of the aerial beams for the tracking of
the star. These circumstances do not permit us to establish any reliable influence
of the interstellar dispersion: their maxima are very flat. The burst at 20 MHz
finished about 1 s later than that at 20 MHz. However this result is not reliable,
firstly because it can be caused by a selective effect owing to the low sensitivity of
the radio telescope at the time of observation; and secondly because the termina-
tion of the burst is located on the record between two consecutive time markers,
which mark every minute of observations and coincide with the electrical switching
of the control system of the aerial beams. Therefore it cannot be excluded that the
shift between the termination of the bursts at the two frequencies is caused by the
influence of the switching. This 10 s burst does not correlate with any optical flare.

Another four 20 MHz bursts were observed on August 26 and on August 27.
Their temporal structures are shown in Figure 15. Unfortunately for the multiple
burst on August 27 we do not have confident information, with high temporal
resolution, about the optical state of the star.

Finally, the weak 20 MHz burst on August 26 at 22:08 UT — see Figure 5 -
coincides well in time with a small optical flare on EV Lac. Hence, this burst
satisfies the largest number of criteria in our sample and therefore it bears the
highest probability of being of stellar origin.

We shall consider a possible theoretical interpretation of this event.

4.2 On the Possible Nature of Decametric Bursts from the Star

Assuming that the linear dimension of the burst region is equal to the stellar radius,
R. = 0.35Rg, the brightness temperature of the burst on August 26 at 22:08 UT
at 20 MHz is estimated as 2 x 10'® K. Such a high brightness temperature requires
a coherent mechanism of radiation. At higher frequencies of metre and centimet-
ric wavelengths one usually applies the electron—cyclotron maser radiation or the
plasma mechanism. These mechanisms were discussed in the interpretation of short
decametric bursts, registered on EV Lac in 1992 (Abdul-Aziz et al, 1995). Now
it is natural to investigate whether these mechanisms can also explain decametric
bursts of about 10 s duration.

Is it possible to explain the detected burst using an electron-cyclotron maser
mechanism? It is usually assumed that this mechanism is realized under the avail-
ability of an electron distribution with a loss cone, i.e. the radiation should be
connected to a magnetic loop (Melrose and Dulk, 1982; Dulk, 1985). Since radi-
ation of this mechanism occurs at wpe or its harmonics, the appropriate magnetic
field should be less than 10 Gs. Hence, the appropriate magnetic arches should be
high enough and we shall assume h ~ R, (Bastian, 1990). Let us find the bright-
ness temperature which it is possible to expect in this mechanism. We shall use the
estimation formula of Melrose and Dulk (1982):

T = (mv3/27) - n' - (2nc® Jwvg)? (4)
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where vg 1s the characteristic velocity of electrons in the loss cone which we shall
assume to be 0.1 ¢ (Melrose and Dulk, 1982); w is the radiation frequency, equal in
our case to 27 - 20 MHz; n’/n ~ 10~* is the relative density of the electrons in the
loss cone; and n = 5 x 10* cm™3 is the plasma density, which corresponds to the
relation wpe ~ 0.1wpe. Substituting these values in equation (4), we get

Tg ~ 102° K. (5)

However, this is the radiation in the impulse (Melrose and Dulk, 1982). Since the
detected burst is of several seconds duration, it is necessary to restore the loss cone
by reducing the brightness temperature by T'L/vq times, where I' = 1072w is the
rate of increase of a wave with frequency w and L ~ h is the length of a loop (Melrose
and Dulk, 1982). In our case this gives T = 10'3 K . Thus, the electron—cyclotron
maser mechanism cannot, apparently, produce the observed brightness temperature
of our burst which had a duration of about 10 s.

We consider now the plasma mechanism. By its duration, the observed burst
is reminiscent of type III solar bursts at decametric wavelength (Abranin et al.,
1980), though its brightness temperature is higher by several orders of magnitude
(Melrose, 1989). Can the plasma mechanism which is succesful as a mechanism for
type III solar bursts produce much higher brightness temperatures for stellar bursts?
We evaluate the highest possible brightness temperature which this mechanism can
give. Since the radiation source of type III solar bursts is an electron flux, the
energy density of the plasma waves (Langmuir waves) can be evaluated as follows

Wi = n'mv? (6)

where n’ is the density of the electron flux and v their characteristic velocity. Then
the brightness temperature of the plasma waves can be deduced from the relation

Wi =T - [ dk/(27)3. This gives
Ty = (1/87) - n’'mod - (2mvpfw)3. (7)

In the case of maximum efficiency for the transformation of longitudinal waves into

transversal ones
T, ~T. (8)

Assuming n’/n = 107* and vo = 10!° cm/s, we have from (7) and (8)
T; = 10"® K. (9)

Since T; depends strongly on vg, a small increase in vg leads to noticeable increase
of T;. Thus, we see that the plasma mechanism, in principle, can produce brightness
temperatures of the order of the observed radiation. It can originate from high
magnetic arches, h ~ R,, with plasma density n = 0.5- 107 cm™3, as well as from
regions of open magnetic force lines. If one accepts the second case, the question
arises: why was radiation at 25 MHz not observed? This can be connected with
the decrease of radiation intensity with growth of frequency. So for solar type III
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bursts a spectral index is in the limits @ = —2,...,—6 (Subramanyan et al., 1993).
If the same spectral index is applied to our measurement the flux density at 25 MHz
would be too weak.

The decametric burst discussed above had as high a brightness temperature ~
about 10'® K — as the short bursts, described earlier by us (Abranin et al., 1994;
Abdul-Aziz et al, 1995). However, its duration of about 10 s is essentially longer
than in the earlier bursts whose temporal structure was less than 1 s. Therefore,
one may conclude that this radio emission is of different type, and connected to a
different radiation mechanism. )

5 CONCLUSION

Among the numerous flares of EV Lac, registered in 1994 and in 1995, two flares
had large amplitudes which has allowed us to carry out a quantitative analysis of
their own radiation using colour—colour diagrams, covering the whole wavelength
range of the UBVRI system. This analysis confirmed our earlier conclusion that at
any phase of development of flares — their fast flaring up, at brightness maximum
and during slower fading — none of the considered radiation sources — absolute
black body, optically thin or thick (in the Balmer continuum) hydrogen plasma,
layers of stellar atmosphere, heated up by a flux of fast particles — can present
radiation of flares within the whole range of the UBVRI system alone. Therefore,
the observations can be represented by a combination of various mechanisms or one
has to develop more sophisticated models of matter radiating in flares.

Patrol observations in the K and H bands have not shown appreciable and si-
multaneous variations of IR stellar brightness in coincidence with the optical flares
we observed. However, all flares we detected had small amplitudes, except the
1.0 mag U-band flare on 3.9.94, which showed a gradual K-band decrease following
the flare maximum. Therefore, these data are not adequate to address the ques-
tion of the origin of the IR light decrease during large-amplitude optical flares, as
suggested by some current theoretical models of stellar flares.

Estimations of the degree of spottedness of the star were made within the frame-
work of two various approaches. With the conventional approach, observations of
only one season are used to find differential spottedness of lighter and darker hemi-
spheres of the star. Within the framework of the recently proposed and advanced
model of zonal spottedness of red dwarf stars (Alekseev and Gershberg, 1996a~c),
the absolute brightness maximum of the star, which was found in long-term ob-
servations of the star, and the effects of limb—darkeninig, were taken into account.
Taking into accounting certain advantages of the zonal spottedness model (Alek-
seev and Gershberg, 1997), one should prefer evaluations of the spottedness of EV
Lac, based on this model. However, in both cases shares of the stellar surface, cov-
ered by dark spots, turned out to be tens times larger as compared to the largest
appropriate share of the solar surface, detected during one and a half centuries of
observations of the Sun.
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An analysis of numerous EV Lac spectra in the blue-green region of the spec-
trum, obtained in 1994, has allowed us to evaluate changes of characteristics of Hg
and H, emission in the active state of the star and to find additional emission lines
of metals. Between the intensities of all these lines and the He I A 4471 A line, a
rather close correlation is found. For the first time in an active state of the star, a
long-lasting He II A 4686 A emission was found and a spliting of this line into two
components was detected: the “red” component has a normal wavelength while the
“blue” one was shifted by —400 km/s. The existence of this shifted component and
the absence of the correlation between the He II line and lines mentioned above lead
to the conclusion that He IT emission is formed in another region of stellar flares.

Spectral observations of EV Lac in 1995 were carried out in the red region
of the spectrum and have allowed us to evaluate variations of characteristics of
H, emission in the quiet and active states of the star. A close correlation was
found between the quiet state intensity of this line and the spottedness of the star.
The appearance of asymmetry of the H, line profiles during flares is confirmed,
“red” wing enhancements are stronger and more frequent than “blue” ones. During
stellar activity short-lived wide components can be detected in Balmer line profiles,
which in Hg and H., profiles are several times wider than in H, profiles, but broad
components of H, seem to be more durable than there of Hs and H,.

In 1994 EV Lac was monitored with UTR-2 at the decametric wavelength range
during 33 hours. 18 radio bursts were registered; four criteria to select bursts of
a non-terrestrial nature were applied to them. As a result the burst on 26.8.94 at
22:08 UT was selected as one of probable stellar origin. Its duration is about 10 s,
it coincides with the optical flare with AU = 0™5, and satisfies the majority of the
radio criteria of selection and is connected with the stellar activity with the highest
probability. This event with brightness temperature of about 10'® K, apparently,
can be explained within the framework of the plasma mechanism of radiation.
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