Instability, Chaos and Predictability Copyright © 1992 by Nova Science Publishers, Inc.
in Celestial Mechanics and All rights of reproduction in any form reserved.
Stellar Dynamics ISBN 1-56072-054-9

DYNAMICAL INSTABILITY OF TRAPEZIUM
TYPE MULTIPLE STARS

L.V. Mirzoyan
Byurakan Astrophysical Observatory, Armenia, Russia

ABSTRACT

The properties of the Trapezium type multiple stars are
discussed. The existing data confirm the dynamical instabi-
lity of the Trapeziums. They show that because of the speci-
fic space configurations of components the Trapezium type
multiple stars are disintegrated completely or partly (beco-~-
ming ordinary systems with smaller mumber of components).The
disintegration time is estimated some million years for Tra-~
peziums with negative total energies and much shorter when
their total energies are positive. There are some evidences
in favour of the existence of Trapeziums possessing positive
total energies.

INTORDUCTION

Morplological study of multiple stars in stellar assoc-
iations has shown that there exist systems among them which
are dynamically instable. This significant observational
fact was used to introduce a new type of multiple stars.

Namely, Ambartsumian [1] has divided all multiple stars
into tw types according to the configuration of their compo-
nents. A multiple system is the Trapezium type if it contains
at least three components, the mutual space distances between
which are of the same order of magnitude (their maximal ratio
is smaller than 2.5 - 3.0)., Otherwise the multiple system is
of the ordinmary type. This criteria is valid for all multiple
star s irrespective of the mumber of components.
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This classification of multiple stars has a profourd
meaning.The motions of components in the multiple stars of
these two types are quite different by nature. The motions
of components in the ordinary systems are Keplerian or quasi-
Keplerian, that is these systems can exist for a very long
time.Whereas in the Trapezium type systems$ they are far from
Keplerian motions. For this reason the Trapezium type multi-
ple systems are dynamically instahle and have to disintegrate
in a very slort time.

In this paper the data on the Trapezium type multiple
stars are discussed.

TRAPEZIUMS AND YOUNG STARS

The Trapezium type multiple stars (Trapeziums)are simi-
lar to the open clusters by their nature.Only the mumbers of
components in Trapeziums are much smaller.

An application of the disintegration time formula deriv-
ed for clusters [2] to the Trapeziums has confirmed that they
are very young [1]. For example, the disintegration time of a
Trapezium having a few components of solar mass and a radius
of the order of 10,000 a.u. is only some million years. It is
increasing slowly with the number of components in the system.

Therefore the Trapeziums of stars can be considered as
very young multiple systems.Their age is nmot larger than some
million years. Consequently they must consist of young stars.

The observations have confirmed this principle.

The Trapezium type multiple stars were fourmd in OB-asso-
ciations [1].This fact was the first observational evidence
in favor of their young nature.

As an illustration of this significant result a part of
the Index Catalogue statistics is presented in Takble 1.

TABLE 1

The Relative Number of Real Trapeziums Among All
Multiple Stars [7]

Spectrum of Total numker of Probable number Relative
the brightest multiple stars of Trapeziums mumber of
components among them Trapeziums
(%)
O0-B2 59 34 58
B -B9 190 31 16
A 3% 25 6
F 309 13 4

NMote: In this column 9% of all observed Trapeziums is excluded,
as the probability for multiple systems which are not
Trapeziums lit are observed as Trapeziums because of
the projection on sky is equal to 0.09 [8].
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An evidence in favor of this idea was obtained from the
statistics of multiple stars on the basis of Aitken's Cata-
logue [31.It has been shown [4] that the majority of Trape-
ziums contain 0-B2 stars, as their krightest components.The
statistics of multiple stars based on the Index Catalogue
[51 , which is more complete, has confirmed this result [6].
This means that the real Trapeziums meet mostly among young
stars.

Another evidence in favor of the idea that Trapeziums
consist of young stars was obtained by Agekian [9].Deriving
the real distrilution of the triple star configurations
from their observed distrilition he has stown that the rela-
tive mumber of instable triple systems (Trapeziums) among
them is the largest when they contain OB-stars.

A strong tendency to contain O-~type stars has been
found by Sharpless [10] in Trapeziums connected with emission
nehlalae,

The high ahindance of the Trapezium type multiple stars
is observed also in T-associations [1l1] (see also References
in it).

From this point of view 27 Trapeziums found by Eamlarian
[12] in the Orion association are of particular interest.All
components of these multiple systems (triplets and quartets)
consist either of the T Tauri and flare stars exclusively or
they medley. 1In agreement with the disintegration of the
Trapeziums the mean sizes of the systems consisting of the
T Tauri stars are smaller than those of the systems consist-
ing of flare stars only.

In connection with the disintegration of the Trapeziums
it is interesting to note that Gyulbudaghian [13] has detec~
ted 19 wide multiple systems of this type which consist of
the B-type stars exclusively.

It can be added that some Trapeziums are observed which
consist of other very young objects: IR-sources, Herbig-Haro
objects and cometary nehilae.

STAR MOTIONS IN TRAPEZ IUMS

The motions of stars in some Trapeziums contain-
ing OB-stars were studied on the basis of the position mic-
rometr ic measurements for a long time.

Among them the extensive study of the Orion Trapezium
carried out by Parenago [14] should be noted first of all.
It undoubtedly testifies on its expansion during last 120
years and therefore on the very young age of this remarkahle
system. The further studies of it have confirmed these resu-
lts and now there is no serious reason to change this impor -~
tant conclusion (see the story of studies of the Orion
Trapezium in [111]).
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Of other studies on this prohlem that of Salukvadze

[15] is significant. Using the measurements of the mutmal -
angular distances between components, obtained for about 100
years, he has studied 15 Trapeziums the lrightest members of
which are 0-B2 stars. Most of them can be considered as real
Trapeziums. In 14 Trapeziums the expansion motions are dete-
cted on the basis of increasing distances between components
[15,16].

DYNAMICAL EVOLUTION OF TRAPEZIUMS

The dynamical evolution of the Trapezium type multiple
systems has been studied by Allen and Poveda [17 ). The motions
of stars in 30 Trapeziums having different configurations
were calculated.Each Trapezium had 6 components in tw of 15,
20 and 50 solar masses, respectively. It was supposed that
each of these systems was situated inside the sphere of 5000
a.u., radius. At last it was assumed that all of the studied
Trapeziums had negative total energy.

The main result of this study is a new and completely
surprising evidence in favor of the dynamical instability of
Trapeziums. They have shown, that after 10°6 years of dynami-
cal evolution only 1/3 of the considered systems were disint-
egrated and 2/3 of systems still kept their Trapezium type
configurations.

Allen and Poveda [17] have found that this fact was in
contradiction with the idea of the dynamical instability of
Trapeziums, according to which the Trapezium type multiple
star s possessing negative total energy must disintegrate in
about 2*10"6 vears completely or partly, losing some of their
components and becoming an ordinary (stable) system [11].

Meanvhile it is easy to show that this conclusion of
Allen and Poveda [17] is a result of misinderstanding [18].
Indeed, according to their study of the sextet Trapeziums
the prokability to keep the Trapezium type configuration
after 10" 6 years of dynamical evolution for a Trapezium is
equal to 2/3. It means that after 2*10"6 years most of the
Trapeziums considered by Allen and Poveda {17], namely 1l-
(2/3) 2= 5/9 part of their sample, should lose the character-
istic configurations and would no more be Trapeziums. In oth-
er wrds the mean age of the Trapeziums studied in [17] is of
the order of 2*10 6 years. This is in remarkakle agreement
with the predicted age of such Trapeziums [11].

TRAPEZIUMS AND STAR GROUP FORMATION

As a rule all Trapeziums are observed in very young sys-
tems-stellar associations. Multiple stars situated in general
galactic star field are of the ordimary type. Such space dis-
tribution of multiple stars in the Galaxy is a direct conseg-
uence of the star group formation in it.
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The stars are being formed in stellar associations by
groups which can be both dynamically stable (ordinary type
multiple stars) and dynamically instable (Trapezium type
multiple stars).The Trapeziums are disintegrated before the
disintegration of the maternal associations and therefore
are mot observed in general galactic field.On the contrary,
the ordinmary type multiple systems are living after the dis-
integration of the maternal associations and because of this
reason they are observed in general galactic star field.

TOTAL ENERGY OF TRAPEZIUMS

The total energy of Trapeziums can be both negative
and positive.Therefore it is impossihle to judge about the
size of the total energy of a system on the basis of its
Trapezium configuration only. Even the Trapeziums of nega-
tive total energies had to disintegrate (16,17 J,as the dis-
integration of the Trapeziums is a natural result of their
space configurations iirrespective of the total energy sign.

The discussion of this proklem by Amlartsumain [1,19]
gives every reason to assume that the majority of the Trape-
ziums have positive total enerties.

Unfortunately, the determinations of the total energy
for separate Trapeziums on the basis of observational data
are very incorrect. Bowever, when the differences between
the calculated kinetic and potential energies are very large
one can assume that in these cases the considered Trapeziums
have positive total energies. For example, the systems having
positive total energy prolably exist among the Trapezium type
multiple stars consisting of the T.Tauri type and flare stars
detected by Hamlkarian [12] in the Orion and Hojaev [20], in
the Taurus Dark Clouds.

It should be noted that the disintegration time formula
is correct when the total energy of a system is negative.
Bwever, as we have seen, there are telling arguments to ass-
ume that some Trapeziums have positive total energies. For
them the disintegration time must be much shorter [11].

CONCLUSION

The theoretical and observational data on the Trapezium
type maltiple stars existing at present, in particular those
discussed in this paper, permit to suppose that all systems
of this type are disintegrated because of dynamical instabi-
lity. This is why all Trapeziums are very young.The disinte- -
gration process is accelerated for Trapezium system po ssess-
ing positive total energy. The age of the Trapeziums with ne-
gative energy is of the order of some million years,whereas
for systems with positive total energy it is much smaller.
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It is important to note that the disintegration of such
young stellar systems as Trapeziums is in line with the gen-
eral tendency of cosmic evolution - the transition of matter
from more dense to less dense states [21].
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