A REVISED LIST OF T-ASSOCIATIONS AND THEIR MEMBERS

P. N. Kholopov

Astronomical Council of the Academy of Sciences, USSR

A list of 29 real and 12 possible T-associations and their members are given as
well as the coordinates, diameters, distances and population of these groups. A new
classification of the objects belonging to them is proposed.

The term "T=-association” was first introduced by V. A. Ambartsumyan [1] to designate two open groups of
variable stars of the rype T Tauri which had been studied by A. Joy [2). Variables of this type are one of the
varieties of the broader class of variable stars of type RW Aurigae [3]. For this reason T-associations have also
been called groupings of RW Aur-type variables. In 1950 we published the first list of these groupings, containing
data on 13 T-associations [4]. In 1955 this list was supplemented [3]. The number of known T-associations had
grown to 23.

At the present time the number of known RW Aur-type variables has so greatly increased in comparison with
the number known in 1950 and our knowledge of their properties has so broadened that the necessity has arisen
of revising the data of our first work [4] devoted to these objects, Because of the existence of various interpretations
of the term "RW Aur-type variables," and also because of a real diversity in the physical characteristics and pro-
perties of variables of this type, italsoseems necessary to create a more definite and detailed classification of
the variables attributed to this type by various investigators. The principles of such a classification, proposed by
G. Herbig, G. Haro and the author of the present work at the Byurakan Conference on Nonstable Stars, are set
forth in a collection of the papers of that conference ([5], p. 183).

In essence, this classification is a classification of irregular variable stars connected with nebulae or showing
rapid changes in brightness. The general property of these variables is their characteristic of being encountered
in groups, T-associations, and occupying on the Hertzsprung-Russell diagrama completely special region, called
by us the T-belt [6], localized in the region of the main sequence and the zone of subgiants. In this they are de-
finitely distinguished from the red irregular variable giants, the majority of which apparently belong in reality to
the semiregular variables.

In connection with the difficulty of selecting a sufficiently short term to designate this entire specific
category of irregular variables, we consider it possible to agree with the proposal of K. Hoffmeister ([7], p. 25) to
retain for their general designation the term "RW Aur-type variables® with a designation for each concrete
variable of its known characteristics in accordance with the above-mentioned new classification of these objects.

According to this classification, each RW Aur-type irregular variable may be characterized by a combination
of the following symbols:

In) an irregular variable connected with a diffuse nebula;

Is) a rapid irregular variable (the designation proposed for all RW Aur-type stars in Hoffmeister's sense [8],
i.e., belonging to this type up to this time only by photometric criteria).

These symbols are supplemented by the following: e) the presence of emission lines in the spectrum; o)
the presence of only one bright Hy line in the spectrum; T) the presence of a characteristic emission spectrum
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of the type of T Tauri ([5], p. 95): K) the presence of a connection with a corﬁet-shaped nebula; f) change of
brightness takes place basically in the form of outbreaks, similar to the outbreaks of UV Cet-type variables; A)
change of brightness is characterized basically by the presence of Algol-like weakenings.

Furthermore, we consider it absolutely necessary to include in the characteristic of the type of a given ir-
regular variable its spectral class, which is given in parentheses to prevent confusion with the other symbols.

Thus, for example, the variable RY Tau, spectral class dGOe, assigned by A. Joy to type T Tauri, but by
K. Hoffmeister to type RW Aur, observed in the region of a dark diffuse nebula and situated at the head of a
bright comet-shaped nebula, is characterized by the symbol InsTK (G).

In the second edition of the " General Calalog of Variable Stars” [9] irregular stars are divided into RW
Aur-type variables, red irregular giants — Ib, red irregular supergiants — Ic and irregulars of early spectral classes —
Ia. The symbolism proposed above excludes the possibility of mixing the RW Aur-type variables in the new
classification with variables of types Ib and Ic. But Ia-type variables are considered by us together with RW Aur-
type variables. It is not excluded that among Ib-type variables are contained a certain number of RW Aur-type
variables possessing slow light fluctuations at the present time.

Besides RW Aur-type variables, there are usually contained in T-associations connected with diffuse nebulae
a considerable number of stars of more or less constant brightness with emission spectra whose characteristic
feature is the obligatory presence of an Hy emission line. The variability in intensity of Hy emission noted in
a number of such stars permits the assumption that many of them are actually variable in brightness too. The
presence in typical RW Aur-class variables of long periods of almost complete constancy of brightness, together
with the presence in their spectra of an Hy emission line, binds them extremely closely to the emission objects
coexisting with them in T-associations. In the case where it is possible to construct a Russell diagram for a
system of stars forming a T-association, emission stars of constant brightness are situated on this diagram in the
same belt in which RW Aur-type variables are situated.

In all cases where we are dealing with a group of stars possessing a bright Hy line in their spectrum and
situated in a region of diffuse nebulosity, many members of this group, upon due examination, prove to be ir-
regular RW Aur-type variables, and thus the group itself a T-association.

For this reason, in revising the data on the population of T-associations, which we undertook in connection
with the appearance of the new classification of RW Aur-type variables, we considered it necessary also to in-
clude in the objects considered emission stars of constant brightness observed in regions of dark nebulosity. Inthe
future we will designate these stars by the symbol na.

All the variables of types In, Is and Ia known to us at the present time, together with no-stars, were plotted
on a map of the heavens in Sanson's projection designed for equatorial coordinates (Fig. 1), similarly to the way
in which this was done in [4]. The position of the galactic equator is indicated by the solid line. Objects whose
classification is uncertain are plotted with crosses. The circles correspond to very compact T-associations. The
dashed lines in Fig. 1 surround well studied portions of the Sonneberg Observatory field plan [10], in which a
considerable completeness of discovery and uniformity of investigation of all variable stars up to 16 has been
achieved. Figure 1 gives only the most general representation of the distribution of objects under consideration,
showing the existence of a number of groupings, many of which were known long ago.

In Table 1 a list of actually existing T-associations known to us is presented, A list of 12 possible T-
associations, designated by asterisks, is also presented.

To name the associations we accepted a system of designations analogous to the existing systems of O-
association designations, introducing only the letter T between the name of the constellation and the serial
number of the given assocation in this constellation. Galactic coordinates (I and b) correspond to the system
with a standard galactic pole.

In column d the apparent diameter of the association is indicated. In the following columns the numbers
of stars of types In, Ine, Is, Ise and no are presented, In this case Ins-type stars are joined with In-type stars,
Ia-type stars with Is-type stars, In column N the total number of stars in associations is given. The numbers of
stars with uncertain classification is shown in parentheses. In column s/ N the relative number of members of
type Is in the association is shown in percentages (Ins-type stars are not included in this number). The ratio s/N
is an important characteristic of the association, since it, gives an idea of its population.
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TABLE 2
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TABLE 2 (Continued)

1196 In?
TN
1201 }I“'*’
No.405 ne {23]
+10 na [21]
425 na [24)

Oph T1
Oph
V392 1Is
V415 1IsA
V426
V575
V637 1Is
V641 1s
V643 1Is
V645 1Is
V881 1Is
V886 Is
V916 1Is
V956 1Is
Ser
BK
BQ
Her
KW Ins
V341 Is? (G) .
Agl :
V476 1Is
V480 Ins
V489 - Is
V490 Is
V800 Is

Ori T1

Ori
CO

Inse (F)
GW (

Iie (K)
GX Ine(K)
GY In?a

HI Inse (K)
HK  InseK(A)
HM InA
V370 Ina

K3II

587  Inaf?
HIC [14)
42 Ina

43 Ina

48 Ina

50 Ina

54 Ina

65 Ina

70 Ina

72 Ina?
MHa 265 [25])
—3 Ine?
Ine?
Ine?
Ine?

na [14]
na [12]

Ori T2

T Inse (A)
RX In
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gg } Insa

SV

SX } Ins
SY  Insa
SZ Ins

TT In

TU Ins(G)
TV~ Insa(K)
TW Insa
UZ = Insa
&,\;V(} Insa
WY | Ins
)V(VZZ Insa
YY Inse(K)
YZ Inse
ZZ. Insa
AA  Insa (K)
AB ' Insa
AC In

AD 1Ins
AE - Ins
AF In

AG Inse
AH Ins(K)
Al Insa
AK Ins(G)
AL Insa
AM Inse
AN  Inse (K)
AO Insa
AP Ins
AQ In(K)
AR Ine
AS Ina
AT Insa
AU Ine
AV  Ina
AW In

AX Ina
AY In

AZ  Inse (K)
BB Ina
BC Inse
BD In

BE Ina
BF . Ina(A)
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BO Insa
BP Ins

BS Insa
BT Insa
BU Inf?
BV  Insa
BW Insa
g% Ina
CC In

8? Ina
CG In

CH Ina
EZ Inse(G)
GZ Im

HH InsA?
HI. InA?
HN In

HO In
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HQ In
HR In
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HW Inf?
HX Ina
HY Ina
HZ Inf?
I Ins
IXK In
1L In
M Insa
IN In
10 Ins
P In
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IT Inf?
v Ina
IW In
IX Ine(G)
IY In
1Z Insa
KK Ina
KL In
KM In
KN Ina
i KO In
KP Ina
KQ In
KR Inse (K)
KS In(A)
KT Ing
KU In
KV In
KW Ins
KX In(B) .
KY Inf?
KZ In
LL In
LM Insa
LN Inse
LO Ina
LP = Ins(B)
%3 In
LW Insa
LX Ina
LY ‘.Ina
LZ 1In(A)
MM Ins
MN In-
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MP In
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MR In(A)
Mw | In
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NO Ina
gﬁ } In
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V409 In
V410 In
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V412
V413 In
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V417 In
V448 In
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V420 In
V421 In
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V425 In
V426 In
V427 Inf
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570 In? (F)
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100635 Ina
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TABLE 2 (Continued)

106
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140
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248
. 250
253
254
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} Ina

Ina
Ina
Ina
Ina
Ina
Ina
Ing
Ina
Ina
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SV Ine[G]
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2 1o
36 In
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4

48 } In
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UW In?
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T  InsT(G)
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24  Ina

37 Ina

14 na

Tau T3

Tau

UZ InsT(G)
(satellite) ne (M)
ZZ" Ins?

AA InsT (M)
CI InT(G)
DF InsT (M)
DG InsTK (G)

pi } Inse (M)

DL InsT(G)
DN InsT (K)
DO InT(G)
DP  Ine (M)
EY Inef (M)
EZ Inef (M)
FF Inf (M)
FG Inf (M)
FH Inef (M)
FI  Inf(M)
FK  Inef (M)
HIC [14)
21 Ina
22 Ina
31 Ina

BD - 26°
722 Ine? (K
MHa 259—1{ 5]
—14 In?e(A)
—16 ne (K)
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TABLE 2 (Continued)

—-?4 na BU In? V761 Is AE InK (O) HQ Is
+21 na [14] BV In? Cep - Boo P Tae (B)
BY In? DR Is Uv  Is? (F) Pse
n nse r
- @) | 1643 Tnp 5046 Is? ES Ins DU  Ins?
‘BT Ins 1646 In? 5154 Is? Cen : V771  lae (B)
CN Is 1648 In? 5238 Is? (K) V342 Is Sco
CQ InsA(F) V540 IsA? AK InsA (F)
CT Is(B) Cas T2 Mon T2 ) Iae (B) V641 Is
EN InA Cas Mon Cha Y6i3 1a
EO ImA |MO In WZ Is I, Ins Tau
Aur MP In XY Is CrA BU  lane (B)
BL Is 5 77 Is BN = Is Tel
FS Is Cen TI AD Is Cyg HH s
FX Is BQ Ins GY Is? (M) Vel
HH Ins(G) Cen DR Is V568 la?e (B) BS Is
Gem V392 Is DO Is(M) V733 Is? K3l
DP Is V653 Is? DZ Is Dra ‘ 511 Is?
DS  Ins? V654 Is HH Is? (F) VX IsA? 566 Is?
Ram : Pz Tm(®) |AQ IseP(F) 720 IsA
662 Isp Cep T2 K3nm ‘ Gem - 963 Is?
CI3 Cep . 867 Is? BN Ia?e (O) 1140 . Is?
1100 Is?(K) |SV Is(A) | 890 IsA? Her 1736 lsp
BH IsA (F AM Is 3095 In?
11 B0 TaeA () Per T3 HZ s 2382 Is?
0 Ia? (B) 5423 Is?A
And T{ Cep T3 LkHo — [37] Lyn 5609 IsA
And —101 e ST Is 101212 Is? (G)
BM  Inse(F) Cep Phe T1 Mon BD + 22°-
BY 1s? SY IsA(A) Phe VY Ina 545 Ins? (A)
DI Is YZ IsA (F) SY Is (F) +2 na [23] BD + 56°
Cas DI IsT (K) Sz Is Oph 728 Ia?e (O)
V338 Is (M) DZ IsA? T Is XX IseA (B) BD 4 67°
Lac IX 1In 168 Ia (A)
o 1s Cyg T4 Pup T1 V742 In? x Cet Is? (G)
CarT1 | Cyg P Ori cus
NO Ia(G) Pup UX Isa ‘XA) 1090 Ine? (B)
Car . V425 Ia (F) Uy Is BN Is(A) Ori
VV  In? V724 IsA FU Is CY Is(G) 25 IseA? (B)
gg’ In? K31T gMa ) V339 Is CoD — 59°
} In? 5097 Is? Z  1s? (G) V346 IsA? (A) | 1105 Ie? (F)
BH : K31l V350 Is BD - 16°
BK  In? Cyg T5 1071 IsA? (F). Pav 2767  Is? (K)
BM In? y 1162 Is? BS IsA? BD 4 33°
BN  In? Cy% 1 Per - 1646  Ie? (M)
BQ Im? Va6l Is X Ine (O)
BR Im? V757 1Is? Awr XY InsA(B,A)

In column m—M the visual distance modulus of the associations is given. It is determined by comparing
the distribution of visual magnitudes of members of the association with the T-belt on the Russell diagram [6].
Such a comparison leads to a quite positive result only when several stars with known spectral classes are present
in the group. In the absence of data on spectral classes we have assumed that. the majority of stars of the group
belong the spectral classes G—K, It should be emphasized that in essence we know only that In-type variables
are situated within the T-belt. As to Is-type variables not connected with nebulae, we can assume that they

also lie with the T-belt only as a first working hypothesis.

In column  real distances from the sun to the groupings under consideration are expressed in parsecs.
They were obtained from the magnitudes of m—M with consideration of light absorption, according to P, P,
Parenago's method [11]. We can judge the accuracy with which the values of r are determined by the accuracy
with which the corresponding values of m—M are determined. In those cases where the system enters into an
O-association and the distance to it is determined from B stars with constant brightness, and absorption is taken
into account by using the color excesses of these stars, a dash appears in column m~— M.

In column D the real diameters of the associations are expressed in parsecs. Finally, the name of the star,
cluster, or nebula under which the given grouping has been referred to in previous works devoted to its study is
presented in the last column of the table.
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It must be mentioned that together with RW Aur-type variables we have considered variable stars of certain
rare types (RCtB, Z, Cam, nova-like and unique stars) in order to establish that they are related to T-associations.
The pecularities in the change of brightness of many of these stars is similar to pecularities in RW Aur-type ir=
regular variables. For many of them the periods of constant light are characteristics, The brightness curves of
RCB-type variables very much suggest the curves of Algol-like RW Aur-type variables.

We did not succeed in discovering a definite connection between variables of the rare types mentioned
above and T-associations. Only in a few cases did the clear occurence in T-associations of poorly studied
variables assigned in the " General Catalog of Variable Stars® [9] to type RCIB permit us to transfer them to type
InA. ’

It is pertinent to draw attention also to the discovery by G. A. Manova [12] of a group of emission stars in
the regionof parabolic hydrogen nebula § 280 [13] bordering a dark nebula in whose center is situated the re-
markable variable FU Ori. This discovery shows that FU Ori is not only connected with a dark and a comet-shaped
nebula but is also situated in a T-association, which makes still more probable the hypothesis we enunciated on
the possibility that this star belongs to type RW Aur [3].

In Table 2 a list of all stars of class RW Aur is presented with a designation of their type in the new classi-
fication. The table is split up into three sections. In section I the members of real T-associations are given
(separately for each association), in section II members of possible T-associations and, finally, in section II
isolated variables of this type. In assigning variables to the second or third sections, a certain subjectiveness
was unavoidable; in exactly the same way errors were possible in the assignment of almost any concrete star to
one association or the other.

In order to simplify the identification of variables which have no generally accepted final or preliminary
designations, references to works containing data on such stars are given in square brackets, along with the ap~
propriate symbols.

In a separate article we will consider peculiarities in the system of T-associations and certain other

questions connected with the interpretation of the data presented above,
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