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The problem of origin and evolution of stars has for long
engaged the attention of researchers, and papers dealing with the
problem have been growing in number,

In the meantime two distinctly different approaches to the
problem of origin and evolution of stars have come to the fore(1].

In most writings a purely theoretical (speculative) method has
been applied to determine the ways of stellar evolution. The the-
oretical method is based on the construction of conceivable models
of stars and the estimation of changes of their parameters in time
[2-5]¢ It is postulated that in the initial stages of growth,
before the stars had reached the mairn sequence on the Hertzsprung-
Russel diagram, the evolution of stars was due to the gravitation-
al condensation of diffuse matter in stars, accompanied by the
conversion of gravitational energj into stellar radiation [4,5].
Subsequently, after the stars had reached the main sequence,
stellar evolution was due to thermomnuclear reactions tsking effect
within the stars as sources of energy‘emitted by the stars f2,5].

Thus the theoretical approach is based on two principlessthe
formation of stars as a result of the comdensation of diffuse mat-
ter, their radiation being of gravitational nature before reaching
the main sequence, and the thermonuclear nature of sources of the
stellar energy after the above sequence had been attained.

Despite the fact that certain works in this direction are
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quite valuable, both hypotheses lying at the base of‘this direction
are far from being manifest,and they lack substantiation.

On the other hand, since astrophysics is foremost of all a
science of observation, it is natural to call for the determination
of the regular features in the origin and evolution of stars based
on a synthesis and a meticulous analysis of observational facts.In
time of such synthesis and analysis of facts of observation it is
highly desirable to make the least possible number of hypotheses
that might predetermine the conclusions on the regular processes
going on during the origin and evolution of stars.

The formulated principles define the observational approach

to the problem of origin and evolution of stars[1].

The above two approaches are applicable particularly in de~
termining the ways of the growth of stars in the early stages of
their evolutione.

Here we should like to dwell on the UV Ceti type flare stars
as vell as on those met with in open clusters and stellar associa-
tions. This means that we are concerned with the evolution problemns
of stars with the small mass (dwarfs with a mass less than 1h¢0\.

‘ne discovery and inves£;;:;ion of stellar associations,phy-
sical systems of recently originating youyg stars[6-8], have made
it poscible o reveal a number of regular features in the process
of star formation relying exclusively on observational data.It has
been found out, for instance, that stars originate together, in
groupse As to the group origin of stars this is a significant pro-
position lef{ out of account by the representatives of the theore-
tical spproach,which has greatly fostered the study of the early

stages in the evolution of stars,
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The expleration ef T-associations, made up ef youmg T Tauri
type dwarf stars, has led im particular to the cemclusien[6-8]
that in time ef their erigim those stars appear im various parts
of the main seguence.

Observational facts testify te active dymamic processes
going emn in the phetosphere,chromosphere amd gemerally im the outer
layers of young dwarf stars [8-11].

N In the earliest phases, with a duration ef 46§'yoars,this is
a variability eof the BW Auriga type,quite eften accempanied by
chromosphere activity, characterized by the occurrence of emission
lines and ultraviolet continucus emission in the spectrum (spectrum
of the T Tauri type). There is good reason to assume that this con-
tinuous emission is of nen~thermal rature,while the energy sources
giving rise to emission spectra and producing irregular changes of
the radiation of the above stars,occur or appear from time to time
in the outer layers[8~13].

In the evolution of dwarf stars flare activity appears in the
next stage with a duration of the order of 167-5.108 years and
depending on the stellar mass.Observational evidence is available
to the effect that the RW Auriga type variability stage and that
of the flare activity (UV Ceti stage) are mutually overlappinge.
Thus,for instance, the statistics of flares of some sample of RW
Auriga variable stars in the Orion association showad [14 ] that
flare activity arises only at a later phase of variability.

Transitions from a state of low luminosity to ome of higher
luminesity ‘over a long period, observed in fuers [11,15,16] and
Herbig-Haro objects [ 9,11 are met with comparatively rarely,but

they are likely to be activity forms Sﬁ’no lesser consequence in

~ .
( dwarf stars ofVevolutional value. I should be neted that none of



-6 -

those forms of activity, observed im the early evolutionary stages
of the stars, has been predicted er even explained, at least scme-
what reasomably, by theereticians whese views were founded on the
hypothesis ef the condensation of young stars frem diffuse ratter,
Meanwhile the existence of the abeve forms of activity is the
basic characteristic ef these stars.

Te study im detail the nature of Physical processes going
\bn in flare stars and to make a more direct investigation of the
nature of flares, it is mere advisable teo focus attentiem on pare—
ticular MOe =MGe type flare stars in the vicinity ef the Sum
[17-19].

Some aspects of this problem are treated im our survey paper
at the Bamburg cellequium on variable stars [16].

Te investigate the eveolution of the flare activity and to
derive statistical regular features it is advisable to concentrate
first of all on flare stars in stellar aggregates:associations and
clusters.

The discovery of the first flare stars in the, eseite® associ-
ation(Driod), which confirms the affinity of these stars with those

of the T Tauri type predicted earlier [9],was made by Haro and co=~
workers [20].

Later flare stars were discovered also in relatively older
stellar clusters [21].

Already the first investigations of flare stars in associa=
tions and young stellar clusters have made it possible for Haro
[21-24] to establish a number of regular features:

1.All stellar aggregates, of the order of 408 Jears eor less,
contain flare stars.

2¢In every aggregate seme spectral type :S,jbo\can be discerned
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which delimits the lewer part of the main sequence ,where flare
stars occur, from the upper that lacks flare stare. TFhe latter re-~
gilon corresponds to spectral types earlier than S;am «The boundary
absolute magnitude h4ﬂ\can also be referred to.

3.A3 we proceed from younger to older aggregates this beundary
type of 55 shifts to later spectral types. In older clusters the
flare stars are met with only in the M type. The changes of S&\
bring about a corresponding change in the boundary absolute magnie
tude of Ms, «

It should be pointed out that the determination of the boun=—
dary spectrum of _S% depends on the method of observation,or rather
on the minimum amplitude of the flare, still detectable when this
method is appliedc Therefore while comparing the statistics of
flare stars and flares in various aggregates one should make use of
data derived from identical observational methods or make corres—
ponding cerrections.

The regular features formulated abdve assume the fellowing
simple interpretation:having gone through the T Tauri stage of evo-
lution, or still in the last phase of that stage,all the young
newly~formed stars step into the stage of flare activity [14].

The larger the mass of the originating star,the shorter the durae
tion of the stage in which the star is capable of displayimng pho-
tographic flares (the amplitude of the star discovered by the pho-
tographic methed exceediag 696; In other words, the evolution
rates of the star is determined, as expected, by its mass.

The first estimation of the total number of flare stars in
the Pleiades, based on the statistical study of well-kmown flare
stars, comes as a telling argument in favour of thé above inter-—

pretation of Haro's conclusions, confirmed by the observations of
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Rosinc and co-workers [25].

Let us give a brief description of the methed used fer this
purpose [26,27].

One caﬁ get the estimation of the total number eof flare stars
in some system provided the following two assumptions are made:

1.The sequence of flares in each flare star is a random pre-
cess described by Peisson's law.

2+The mean frequency of flares in all flare stars of the given
system is the same.

Jt is not hard tg’show in this case that the number rﬁiftars

of the system, where K flares have been observed,is, with admis-

sible approximation, determined by the expression

¢ kK
r}é\r- Ne"t(l:-:—) &D)

where N is the tetal number of flare stars in the system, Y is
the mean frequency of flares amd t is the total effective time
of all the observafions of the system.

Equation (1) enables us to express the number Mo of those
flare stars of the system that have not been observed in the flare
as yet, by means of the numbers % and %\of well-kpown flare stars

in which ene and two flares have already been observed,respectively

Ez/

Ne = ' (2)
2nyg.

Then the total number of flare stars in the system is deter—

nined as the sum of already well-known and yet unkneown flare stars

N=Zﬁ'nﬁ. | (3)

It should be added that the first of the assumptions made is
quite well-founded. The possibility of expressing the sequence of

flares in particular stars through Poissor's law has been confirmed
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for instance, in the paper of B.S.Oskanian and V.YusTerebizh [ 28]
based on an investigation of the long series of photoelectric ob=-
servations of some UV Ceti type flare stars in the vicimity of the
Sun. Besides, there are additional reasons thanks to which the
number of observed flares must be completely in line with Poisson's
lawe It is as a result of the lack of continuity in the observa-
tions of flare stars and their almost random distribution in time,
determined by factors independent of the flare star (time of the
year, time of the day, weather, time assigned teo such observations
to he made on the teiescope, etc.), even an incompletely random
distribution must reach that of Poisson,i.e. the probability of
ohse. ving i flares for an effective time of observations € for
cvery star can be expressed by the law (1) with a high degree of
approximatione.

As to the second assumption one can give it up. However,when
the mean frequencies of flares are varying in different flare stars
ip the system, equation (2) turns into an inequality and the appli=— .
cation of (2) gives but the lower limit of the number Ne, «

In this more general case we have [271}
&

nd s
S Nos — 4
2ng~ 0T g , )
and the formula (1) is replaced by the equation
Vit ¢vet)®
nn?%-Nael“—(—R-.-!l; (5)

where U is the number of groups with different mean frequencies

of flares, while N' and"’ form,respectively, the total number of

flare stars-éﬂ(%%i mean f requency of flareﬁwln the given groupe
Fipnally, formula (1), applied for k =1 and k =2,makes it

possible to determine the mean fréquency of flares for the given
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aggregate of flare stars on Lhe basis of well-known Ny and N,
2Ny -
hy

The first estimation of the total number of flare stars in

~t =

the Pleiades was made in 1968 [26] by means of the expressions (2)

and (3). It was established that the Pleiades cluster must contain

at least several hundred flare stars.Soon,the flare stars in this

sys tem turned out to possess dissimilar mean frequencies of flares.

Subsequently more precise estimates of the total number of flare

stars in the Pleiades were based on the representgtion of numbers
n, observed by the formula (5) when 1L = 2 [27,29~51].

Since this comparatively young cluster (of the order of 20.1063
years [32] ) is relatively close to us and is very rich in flare
stars, it was selected for further detailed study by the Photogra-
phic method, with the help of wide-angle Schmidt cameras. Owing to
the program of observations, carried out Jointly by the Tonanzintla,
Byurakan, Asiago and Budapest observatories, the number of welle
known flare stars in the Pleiades region has axceeded four hundred
[21].

A study of the Pleiades based on the results of those obser-
vations has led to the following conclusions [27 29~31] :

T.The number of photographic (i.e. showing flares with a pho~
togr=phic amplitude Qxceeding 0%6) flare stars in this system is
of the order of one thousand.

2.The mean frequencies of flares in various flare stars in
the Pleiades are generally different; most of them,however,have one
photographic flare in about 3600 hourso.

3.ith the decrease of lumiﬁosity in normal condition,outside
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the flares (in a minimum brightness), the mean frequency of observed
flares increases.

4+ If the density of the number of flares,going on over some
long period of time (for deriving more real statistics), is to be
introduced , such deﬁsity shows a minimum in the central region of
Tthe Pleiades. This is due to the fact that stars occurring in the
central part of the cluster show lower mean frequencies of flares.
ﬁhis circumstance should probably account for the rarefied cavity,
discovered earlier, in the space distribution of well-known flare
stars in the Pleiades [33].

5+The absolute number of flare stars,per unit interval of
magnitude, increases toward low luminositiss and attainst a maximum
in the interval of absolute photographic magnitudesﬁ453312.0~12.5,
whereupon it begins to decline. For Aﬂﬁr>' 1345 which éorresponds
to the visible photographic magnitude +19.0, at some distance of
the Pleiades,one cannet be certain that an appreciable aumber of
the members of the Pleiades cluster might occur among flare stars.
In other words, beginning with.h4;3=+19.0 (in the minimum),the
number of flare stars observed in the Tegion of the Pleiades is so
small that they are hard to distinguish from the stars of the
background.

Let us consider some of thoseconclusions in greater detail.,

The first of them, relating to the abundance of flare stars
in the Pleiades,as compared with the existing views on the total
number of stars in this cluster, can be taken as a telling a rgu~

ment supporting the fact that the stape of flare activity is the
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regular stage in the evolution ef stars which all the dwarf stars
go through. This major comclusien testifies te the fact that flare

activity constitutes a typical feature in ome ef the earliest
stages of the evelution ef dwarf stars.

In our earliest publications er those gat‘cors we drew the cen~
clusion [‘26,27]that all the stars ef the Pleiades,with a visible
photographic magnitude > 14.3, are likely te be flare stars.
However, the conclusion preved to have been a hasty ene. The ssti-
mation, based on the applicatiom ef fermulaz (2) and (3),ef the
total mumber of flare stars among the physical members of the Pleie=
ades (those stars being singled eut by Hertzsprumg et al [34] ),
pessessing visible photographic magnitudes, ranging from 1&!‘5 te
’lé%, iadicated [29,50] that bﬁt a2 little more thar half of them
turned out to be flare stars im time of the observations (this
does not mean, however, that flares were observed in all of them,
since the total number of flare stars N includes also the number

N, of those flare stars imn which me flare has been ebserved ).

On the other hand the percentage of flare stars in the inter-
val of photographic magnitudes 1%%(5 - 11}-95 h&i, at say rate,been
much less than 50 per cemnt. If we assume that when %’ 1645
again only half of the members ef the Pleiades flares up,the total
number of the members of the Pleiades will preve of the 6rdor of
2000, which is exceedingly high. It is therefore very likely te
conclude that the precentage of stars, having flares in time eof
the observations, goes up with the increase of %\and when m;i\
Argy—rornd ~’lé‘/, it amounts to nearly 100 per cemt. Of course we
refer throughout to stars capabld of producing photographic flares.
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As to the mean freguency of flares, it should he noted that
though most stars in the Pleiades display, on the average, freg-
uencies of flares close to each other, still the maximum snd mean
values of observed frequencies differ by onme order. The number of
flare stars grows sharply with the declimne of the mean frequency.

Further, the fact of increase of the mean fr?qucncy ef flares
during transition~tg:flare stars of low luminositi%ghubstantiated
by data given in Table 1 (}l is the number of well-known flare
stars), can readily be accounted for if we sssume that the true
frequency of flares with an energy surpassing the assigned E/q,
and the distribution of flares according to the energies for flare
stars of different luminosities are identical, or that the mean
energy of flares during tnansition to stars of high lumineoity trcws,‘
aP? any rate slower than the luminesity proper. In both cases at
the same low limit for phetegraphic amplitudes of flares ( > 5'.%)

in faint stars, we are to observe considerably more flares. This

follows namely from data of Table 1 .

Table 1

Mpg n ng hg  ~t

13e0-14,0 12 9 Ooltds
1440=15.0 30 14 0.57
15.0=16,0 57 27 0.59
16e0=17.0 73 38 17 0490
17 40=18,.0 109 68 14 041
18401940 88 # 20 0.91

- "1940=20,0 Ly 16 9 0.88
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Thus in no way does it follow from the observed growth of the
mean frequency of flar;s with a decline of luminosity that the
faint flare stars possess higher flare activity than the bright
ones. The higher flare activity observed in faint stars can be
due only to the fact that flares of weaker energy can be observed
in those stars.

The data on the mean frequency of flares in the same stars,
this time referring only to flares with similar energies, confirm
this facte. the epen

Taking as a low limit of energy/of a flare of photographic
magnitude Yngu=14.0 and considering all the more pdwerful flares,
we obtain the figures listed in Table 2 (the second column offers

the corresponding mean boundary amplitudes for the given int@rval

of rnﬁg).
T able 2
- ampy

Mpg  (miy N MW n, vt
13.0-14.0 0.53 8 6 > 0467
14,0-15.0 1,03 14 10 4 0.80
15.0016.0 1475 7 1 0433
16.0-17.0 2.6 g8 7 4 0.29
17.0-18.0 3.6 12 10 2 0440
18.0-19.0 4.5 14 12 2 0433
19.0-20.0 5.5 6 6 0  <0.33

In spite of some uncertainty due to inadequate statistics,
the data of Table 2 apparently attest that there occurs in this

case even a weak decline of the mean frequency of flares with
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identical energies as the luminosity diminishes. This decline may
be due both to a simple decrease of the frequency, with the dis-
tribution of the energy values remaining invariable, amd to the slow
decline of the mean energy of flares as the luminesity of flare
stars decreases,

To solve this problem we divide the flares included in the
statistics of Table 2 into two groups according to the energies,
“the first group comprising flares with smplitudes ranging from
Am;‘gﬁ(min)to AMga(min) +41 and the second group - flares with ampli-
tudes > aMpg(min)+1.We obtain the following distribution of flares
by those groups (Table 3),

‘Table 3

’T‘Pa\ Group I Group II All the flares
12.0=14,0 9 1 10
14.0=15,0 16 5 21
15.0=16.0 7 1 8
16+0=1740 8 1 9
17 «0=18.0 10 4 14
18+40-19.0 15 1 16
19:0-20,0 4 2 6.

69 I5 84

The ratio of the number of flares in the second group to that
of flares in the first group shows, within accuracy limits, no
regular changes with variations of the luminosity. This means that
the second of the above possibilities atands closer to reality. It

is interesting to note that on the average nearly 80 per cent of
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all the flares —ere brighter than the ceavertiemal beundary emergy
ny?1=14 does net exceed in emergy this beundsry mere” than %3{
while the mere pewerful flares form but eme~fifth part. This gives
some idea of the "lumimosity fumction™ of large flares.

X
X X

From among the closest clusters, after the Pleiades, the
Praesepe cluster is relatively well studied in respect of flare
stars. At present we are already familiar with thirty flare stars
of this regieon.

As the distance of the Preasepe cluster differ® but little
from that of the Pleiades, & comparison ef the data on flare stars
for those two systems should be of definite interest.

Estimates of the total number of flare stars in the Praesepe
system, based on the statistics of flares observed up te mow in
that region, indicate that the Praesepe cluster contaims upwards
of 150 flare stars capable of photographic flares. Thus the tetal
number eof flare stars in Praesepe is considerably less than the te-
tal number in the Pleiades.

In contrast to this, statistical estimates show that the mean
frequency of flares in the Praesepe cluster is somewhat higher
than in the Pleiades.

Finally, as in-the Pleiades so in the Praesepe cluster the
absolute number of flare stams, per unit interval ef nagnitudes;
grows with the decline of the luminesity. In this case, toe,the
maximum of the absolute number of flare stars is achieved im the
interval of photegraphic absolute magnitudes %=12.0-12.5. With

transition to lower luminesities the number of flare stars dreps
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sharply, and doubts arise as to whether they belong to the cluster.
Though the number of flare stars so far well-known in Prae-

sepe is not large enough for reliable statistics (the total dura-—

tion of all observations in the Pleiades comes nearly te 2300 hours

and that of Praesepe -~ about 400 hours ), neverbheless we are in-

clined te believe that the above differences between the systems

of the Fleiades amd Praesepe are real.

The determination ef the initial luminosity function, i.e.
the luminesity functien of originating stars, is of cardinal sig-
nificance to the problem of stellar evolution.

As mentioned above, the percentage of flare stars ameng the
rather faint members of the Pleiades is close to one hundred.Acsum-
ing that the same holds also for 6ther not too old clusters, we
can determine as the first approximation the quantity of the very
faint members of clusters findimg out the total number of flare
stars.

This offers the chance of determining the number of very faint
stars in ceorresponding clusters.

Since the number of bright stars in those clusters is well
known frem their proper metions, this gives the opportunity of
deriving cortain-z:gs::;&mgn the initial luminosity function ef
the clusters. As to the absolutely faint stars ( hﬂ%}=12 snd weaker)
relevant information is expected te be obtained from the statistics
of the faintest flare stars in the aystems under consideration.

With this aim im ®mind let us estimate the ratio of the total
number'hnhof bright stars, that usually do not underge the phase
of flare activity, their lumimesities imcluded im the imterval
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- ¢
ﬁné§\=;igﬁ (we take an interval where the stars are still im the
main sequence), te the tetal number ah& of flere stars, possessing
absolute photographic luminosities, Aﬂ;a\=+1095$&J12.5 in the mie
nimum brightness in the clusters Pleiades and Prazesepe under Teview.
flere we take flare stars so faint that they could barely quieten
in the lifetime of Praesepe, all the mogre so for the Pleiades.
We have borrowed data on the bright stars of the Pleiades and Piae~
sepe, required for the given purpose, from the catalegs of E.
Hertzsprung and co=-workers f54] and G.Vanderlinder [35] srespective~
ly, while the estimates of the total number ef the flare stars
of the above luminosities in those systems have been-obtained frem
the figures quoted in the ..card-index of flare stars compiled in
Byuraksne The results of determining the corresponding ﬁumbers and

their ratios are listed in the following %able :

Table 4

Parameter Pleiades Praesepe E;gdos g:?:nigos References
m-M 5.5 6.0 3.0 4.5 [361]
Ng 363 73 37 11 [24,31,40,41]
Ng 51 43 26 10 [34,35,37,38]
Np/Ng 1.7 1.7 0.7 049

It follows from the figures in Table 4 that the ratio of the
total number of flare stars teo that of bright, nem-flaring stars,
with their luminosities ranging over appropriate intervals,is

one order larger in the cluster Pleiades than the same ratio for
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the cluster Praesepe.

It can be readily preved that this is net due to the difference
in the ages of those clusters. In effect, the luminosity intervals
for non-flaring and flare stars a;e chosen, as mentiomed above,
in such a way that in the former case bright stars, still in the
main sequence and in the latter case stars still retaining their
flare activity correspend te those intervals, irrespective of
differences in the ages of the clusters. Therefore the differences
observed in the magnitudes of those ratios should be regarded as
a direct evidence of the difference$ of the initial luminosity
functions of the Pleiades and Praesepe clusters, since in case of
similar imitial luminosity functions we should have an identical
magnitude of the ratio in question.

It should be added that scantier and less reliable facts in
flare stars in the Hyades and Coma Perenices clusters, listed in
the Table, indicate a magnitude of the order of a unit for the
ratio N4~Q§gﬂi.o.tho initial luminesity function of those clusters
differs but little from the imnitial luminosity fumnction of the
cluster Praesepe.

Naturally the assumption to the effect that all stars or at
least most of the stars of the clusters under consideration, with
absolute magnitudes ranging from 159§ to 1é¥é, display flare acti-
vity,needs verification. Such assumption is favoured by the treat-
ment of stars of the main sequence, in the same interval of absolute
magnitudes in a volume with & radius of 10 parsec around the Sun.

Out of sixty-five such stars flare activity has been detected

in only six of them. However, one should take inte account the fact
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that any long tracking was conducted only for a number of the re-—
maining fifty-nine stars. That is why the percentage -of flare stars
in the above group can approximate f£ifty. Since objects older than
the Pleiades and Praesepe are surely to occur among stars in our
vicinity, most stars of the same luminosity interval in the above
clusters are expected to be ffare stars.

We stated above a numb;;xg} results of the stat istical inves-
tigation of flare stars in clustzrs, which are of considerable
intersst to the problem of the evoclution of dwarf stars.

Our primary concern in flrther studies should be an extension
of the scale of observations -eme—ss (o cover all the nearest clus—
ters, including the older ones, of the order of 109 years.

New obseryations will favour the final solution of the problems
dealt with in the report, as well as those left out of account
through the lack of necessary observational datae.

It is very important, for instance, to find out whether flare
~bters of very low luminosity (M;8>’15), reminding one by their

1

winosity of the UV Ceti type stars around the Sun, occur in as-—

£

socimtions and clusters, specially in the Pleiades. The scanty
observational data available testify apparently to the lack of very
“alnv stars of the T Tauri type in the Orion association. The prob-
connection
ler: of a poszibleliqéiefaf'fhose phenomena is of definite interest.
From this viewpoint as well as in order to investigate the
impact on the results of statistical estimates,relating to fﬁ@&e
scars in sy .llar aggregates, particularly on our results, it is
expedient Lo make a comparative study of flare stars in stellar

a.pregates and in the surrounding galactiv field (among the stars
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of the background).

The authors of the report express their ackneowledgment to
V.S.0skanian for information om flare stars in the vicinity ef the
Sun and te G.B.Ohsnian for her assitance in cellectimg statistical
data used in the present report.
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