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BBICTPAA UBV RI-KOJIOPUMETPUA 3BE3/IHBIX BCIIBIIIIEK EV LACERTAE, ZKus-
es B., Pomaniok 4., Cesaroropos O., Bepiiok 1., Anekcees U., Jloskas M., Asromoynuc C., Kou-
ragakuc M., Ceitpamakuc Ix., Aaros A., Koncranrunosa-AuTosa P. — MbI coobIaeM 0 MepBbIX
pe3yJsibraTax KoJiopuMmerpudeckoro anasansa Beubimek EV Lac, ocaoBannoro wa U BV RI-nanubix,
MOJTY Y€HHBIX B TEUEHNE KAMITAHUU CHHXPOHHBIX HAOJIIOIEHUN HECKOIHKUX O0CEPBATOPHUIl B CEHTSAOPE
1998 r. lIBeTHbIe XapaKTEPUCTUKN BCIBIIMIEK W HEIABHO OOHAPY2KEHHBIX BBICOKOYACTOTHBIX KOJIE-
Ganuii 6necka (HFO) naxongarcs B neHTpe BHUMaHUA 3T0H pabdorbl. Kosopumerpudeckuii anains
ObLT BBIMOJIHEH C [IOMOIIHI0 BPEMEHHBIX IIBETOBBIX TPEKOB, HAYMHAS C CAMOW DaHHeH CTajuu pa3-
BUTHUS BCIBIIIKA. JTA METOINKA WJLIIOCTPUPYETCS HA TPUMEPE OTHOCUTEHHO CUJIBHOW BCIIBIIIKH
EV Lac 11 cenrsi6opsa 1998 r. Ucnosnp3oBanacs Texauka mudpoBoit duabrpanuu, 9T0Obl OMEHUTD:
1) KonoOp-uHAEKCHI KAK IJ1aBHOW KpuBoil Huecka Beubiuiku, Tak u HFO, 2) ux nosenenue Bo Bpeme-
HU B TE€YEHWE BCEH MPOIOIZKUTEIHLHOCTH BCUBIMIKNA. BBIIO HANIEHO, 9TO KOJOP-UHIEKCHI TJIABHON
KpUBOiil 6JIECKA BCIBIMIKA 3HATUTETHHO OTIUIAIOTCA OT TAKOBBIX 71 OBICTPBIX Komebanuii. Ilepsoie
JIEMOHCTPUPYIOT CriazkeHHbie (popmbl. B otinuune ot sToro komop-unaekcst HFO cunbio nepemen-
HbI, B OCOOEHHOCTH Ha crajauu Bo3pacranus Oiecka. Biaromapst HFO mser Benbimku konebiercs
OT IIyOOKO KPACHOTO J0 IKCTPEMAJIFHO CHHErO B TEYEHNE HECKOJIbKUX CeKyHI. Korma BCmbIka 10-
crurna U = —0.8 3B. BeJI., [BETHBIE TPEKH IEPEMECTHIINCH B 0DJIACTD IBETHBIX JUATPAMM, 3AHATHIX
BOJIOPO/IHOM TIJIA3MOM, ONTHIECKH TOJICTON B 0AJIbMEPOBCKOM KOHTHHYYME.

Here we report first results of colorimetric analysis of the flare star EV Lac based on the UBV RI
data obtained during the course of many-site synchronous monitoring in 1998 September. The color
characteristics of flares and small-scale high-frequency oscillations (HFO) recently discovered are in
the focus of this work. Colorimetric analysis had been performed with the help of color time tracks,
as from the earliest phase of the flare development. This technique is illustrated by the example
of a relatively strong flare event of EV Lac on September 11, 1998. The digital filtering technique
was used to evaluate: 1) the color indices of both the main flare light curves and HFO, 2) their
time behavior during the flare lifetime. It is found that the color indices of the main outburst light
curves differ significantly from those of rapid oscillations. The first shows smooth forms. In contrast
to this, the corresponding HFO indices are greatly variable, in particular for the ascending part
of a burst. On account of HFO the flare color oscillates from deep red to extremely blue on
a time scale of seconds. When the flare grew to AU ~ —0.8 mag, color tracks were evolved
into the region of color-color diagrams occupied by hydrogen plasma which is optically thick at
the Balmer continuum.
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INTRODUCTION

The many-site multi-channel simultaneous monitoring of the red dwarf flare star EV Lac was carried
out from four separate sites in September—October 1998 [1]. These observations have confirmed
the reality of rapid optical brightness oscillations during a significant part of the flare lifetime [6], as
was discovered, for the first time, by Rodoné [4] in the Hyades flare star HIT 2411. So far it was possible
to estimate the color indices of pure flare radiation for strong enough flares nearly their brightness
maximum. Infancy of flare development lives in the shadow. Our synchronous observations provide
information of high quality on the pure flare radiation as well as on color dynamics and associated
rapid optical oscillations practically throughout the flare lifetime. Our approaches and the digital
filtering technique allow us to look in the earliest phase of the flare development. An estimation of
the color characteristics of the main outburst light curve as well as of rapid oscillations are the primary
goals of this paper.

METHODS

The Synchronous Network of distant Telescopes (SNT) project supplies the capabilities to study small
amplitude phenomena on the shortest time scales. Fig. 1 shows portions of the high-pass filtered U and
R data and of the low-pass filtered U light curve from the sets of EV Lac measurements obtained with
the 1.25-m telescope in Crimea. This flare event has been observed synchronously with the 30-inch
telescope at the Stephanion Observatory in Greece too. Time variations in HFO were found coincided
within experimental errors [6]. Now we have a good chance of following its characteristics, including
color variations, during the whole flare light curve. A quantitative colorimetric analysis of this flare
event is presented below.

EY Lac, ALT-11, Sep 11, 98; U (solid); R (crosses); lcolor3 txt(Ex-5)
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Figure 1. The EV Lac flare light curve in U (lower panel) and superimposed high-frequency oscillations in U
(the solid lines) and in R (crosses) bands shown in the upper panel, from the set of data obtained with the 1.25-m
Crimean telescope on Sept. 11, 1998, 21:55:02 UT (max). The curve in R is magnified by a factor of 10
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Figure 2. Time variations in the B — V color and the V' light curve smoothed by a low-pass filter with
an effective bandwidth of 7 s. The error corridor shown presents the 95 % confidence interval for the filtered
B — V data from quantum statistics consideration
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Figure 3. Time variations in the V' — R color and the R light curve smoothed by a low-pass filter with an effective
bandwidth of 7 s. The error corridor shown presents the 95 % confidence interval
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We have used the Kaiser convolution to eliminate the main outburst light curve from the sets
of EV Lac data and the moving-average to suppress high-frequency noises. Details of the filtering
technique used are described by Zhilyaev et al. [6]. The Kaiser filter parameter choices are the cutoff
frequency 0.02 Hz, and the width of transition band 0.02 Hz, and the stop band loss 60 decibels. Time
variations in the color indices of the U BV R system are shown in Figures 2—-3. The error corridor shown
presents the 95 % confidence interval for the filtered data. The errors of individual measurements may
be estimated from quantum statistics consideration. The filtering procedure decreases the covariance
of noises in proportion to the filter pass-band. Rapid variations in colors in the flare rise, many of
which vary by a magnitude beyond the error ranges give evidence for their reality.

The analysis in terms of color characteristics may be the basic approach for a full and just evaluation
of radiation mechanisms reproducing the flare radiation. Foremost the colors observed have to be good
in precision to come to success. We have to note, however, that so far adequate accuracy was achieved
only for the most powerful flares near their brightness maximum. Many authors have touched on
problems of color-color diagrams to explain where and how optical continuum arises [3, 5]. Theoretical
diagnostic diagrams have been calculated for different sources of radiation: for the black bodies of
various temperatures, for hydrogen plasma of different optical thickness at the Balmer continuum, for
radiation caused by a rapid flow of electrons and protons at an energy of hundreds keV and a few MeV,
respectively [2]. Such an approach allowed to conclude that none of mechanism mentioned seems to
favor separately in order to account for the observed colors during a stellar flare [3].

We may mention, however, that the color-color diagrams have a diagnostic value with the full
awareness of one of mechanism has become predominant in its power. There have not been made
successive revisions towards a possible mixture of several mechanisms reproducing the flare radiation
simultaneously. What is pertinent in this connection is that the color-color diagrams exclude linear
superposition of fluxes because they are logarithmic by nature.

Next we may note that flare events with AU < 0.8 mag go out of all classification in the framework
of the color-color diagrams because their R, I and partially V fluxes decrease down to undetectable
level. We have to note also that some important transient features slip our attention being registered
with low time resolution (say, 10 s).

An alternative scheme of color diagnostics that can deepen and widen our understanding of the flare
process suggests turning to analysis of the HFO phenomenon. On first sight it culminates near
the brightness maximum and dampens at the tile-end of a flare. Using the technique of the 95 %
confidence corridor computed by quantum statistics, the color characteristics could be traced with
confidence throughout a flare lifetime, including the earliest phase of its development. We shall not
here enter into a consideration of the HFO nature because the origin of this phenomenon remains
unclear. It is necessary for us to consider what is the role, which HFO play in color dynamics of a flare
during its lifetime?

How far limited in its working is the filtering technique in the colorimetric analysis? The limit
lies in the fact that noises had assumed quantum nature. At the situation when the 95 % confidence
corridor is accepted the technique is working with certainty to the moments when the pure flare
radiation measure up levels higher than 0.31, 0.02, 0.013, 0.011 and 0.007 in the UBV RI bands,
respectively, with respect to the mean values of quiescent fluxes. We may stress that these levels refer
to our particular case of EV Lac as well as the numerical values for the filter used.

RESULTS

Figure 4 shows color-color diagrams with the locations of the theoretical regions computed for various
sources of radiation, in particular of hydrogen plasma of different optical thickness at the Balmer
continuum [2]. Also shown are color time tracks for the rather smoothed color data and a few widely
scattered raw data points falling principally in the earliest phase of a flare lifetime. Typical error
ellipses are shown too.

These tracks offer a clear view of which radiation mechanisms can reproduce the flare radiation
observed as well as allow an understanding of the role of high-frequency components in the flare
process. Time tracks shown in Figure 4 demonstrate that none of the above mentioned mechanism is
available on the early stage of the flare. As clearly seen at that interval color indices indicate striking
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pulsations beyond the error ranges with amplitudes amounting to 0.5 mag and higher. Satisfying
agreement between the B —V, U — B and V — R, U — B data is achieved within about one minute
after the flare onset when relative intensities amount to values of about 2.5, 0.24, 0.08, 0.03 and 0.01
in the UBV RI bands, respectively. These values come to only 25 % of the total at the flare maximum.
The observed location of all subsequent track points could be reproduced by the mechanism of radiation
of hydrogen plasma optically thick at the Balmer continuum with 7T, ~ 10000 K. It can be seen also
that time tracks show subtle systematic runs. This gives confidence that some flare characteristics
(temperature, density, optical thickness) tend to evolve slowly through time.

The color-color diagrams in Figure 4 show clearly that HFO lead up to oscillation of the color
points. This leads up to grandiose variations in a flare color, from deep red to extremely blue on
a time scale of seconds on the ascending phase of the flare. In this context we may deduce that
the HFO phenomenon seen in flares plays an important role in theoretical understanding of the flare
process. The study of this phenomenon seems to be one of the most powerful tools for physics of stellar
flares. What is particularly relevant for us is the ignoring of the HFO phenomenon can lead to the great
defect of the modern account of the flare process. There is a good probability that colorimetric analysis
in a manner presented here may provide us with a clearer picture of the structure and evolution of
stellar flares.

APPENDIX

Both observers and theorists are in the dark about how could appear a stellar flare to the human
eye at close range? Figure 5 gives a restored view of flare color behavior as if it would be visible to
the naked eye. During this flare on EV Lac on September 11, 1998 stellar light was enhanced by factor
of 10 in ultraviolet. To restore the optic characteristics of the flare the U BV RI photometric data were
modified according to the spectral sensitivity of the human eye. It is wonder that its primary color
exhibits all shades of green. That is because our eye is most sensitive at green wavelengths. It does
not perceive ultraviolet all over as well as infrared, and perceives the blue and red lights partially only.
On account of high-frequency oscillations the flare shows all the colors of the rainbow, in particular
in the flare rise.
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Figure 4. The color-color diagrams of pure flare radiation for the main (the thick line) and raw light curves
(the ellipses) smoothed by a low-pass filter with an effective bandwidth of 50 and 3 s, respectively. Theoretical
regions for various sources of radiation are shown, namely: radiation of plasma optically thin at the Balmer
continuum, with 7, = 10,000 K and N, from 10'4 to 10'° cm~2, the blue area, the same of thick at the Balmer
continuum, with T, from 15000 to 8 000 K, the pink area. Also shown are the expected radiation of red dwarf
upper photosphere heated by a rapid flow of electrons with energies 50,100, 200 keV (the dashed, dotted, dash-
dot lines, respectively) and of blackbody shown as circles [2]. The error ellipses of the respective color indices
are marked by run time in seconds from the flare onset. The location of the flare maximum is marked with an M
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Figure 5. A flare of EV Lac on September 11, 1998. Time variations in color. The eye-colormap
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