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Foreword and Acknowledgements

In July 1989 an ESO Workshop on "Low Mass Star 'Formation and Pre-Main Sequence
Objects" was held in Garehing near Munieh, Germany. The papers presented were
published as ESO Conference and Workshop Proceedings No. 33.

As part of the scientific activities of the workshop, a special poster session was held in
which all the major southern star forming regions were described one by one by researchers
with extensive experience in each. The purpose of this mini poster session was to attract
attention to the richness of the southern star forming regions. Foul' out of five of the
nearest star forming cloud complexes are in the southern sky, and yet, for geographical
reasons, most of the observational work on the formation of stars has been performed
in the northern sky. With the growth in the number of large southern opticaljinfrared
telescopes and in the sophistication of their instrumentation, and the advent of southern
radio telescopes like the Swedish-ESO-Sub-Millimeter Telescope and the Australia Tele
scope, the situation is fortunately improving. The poster session was weIl received, and
it was decided to compile the information in the form of a small book, thus disseminating
it to a larger audience.

The present book is the result of the efforts, of the ten colleagues whose collaboration
I asked for, and I would like to express to them my sincere thanks for the care and
dedication they have put into this project.. The book gives an overview of each of the
most important southern regions of low mass star formation, and lists extensive references
to the literature, with the aim to facilitate and encourage observers to obtain new data
and add to our growing understanding of th'ese regions and o'f the star formation processes
in general. While the authors and the editor have gone to great pains to ensure that all
important papers up to about mid-1991 are mentioned, the sheer vastness of the literature
makes it unavoidable that we have missed some papers. Readers are welcome to send
their comments, corrections 01' additions to either the editor 01' the individual authors. If
we after some years feel that the book has had a useful impact, it is a possibility that we
may prepare a later version, updated with the hopefully large amounts of studies which
are going to be performed in these southern star forming clouds.

I am grateful to ESO for publishing this work, and to my colleagues who in various ways
helped the project, in particular to Doris Leiva, who typed all the manuscripts.

Bo Reipurth
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Low Mass Star Formation in Orion

J. Brandl and J.G.A. Wouterloot2

1 Osservatorio Astrofisico di Arcetri,
Largo Enrico Fermi 5, 1-50125 Firenze, Italy

2 I. Physikalisches Institut, Universität Köln,
Zülpicker Str. 77, D-5000 Köln 41, Germany

Introduction

This contribution presents an ovcrview of low-mass (i.c. less than several1\18 ) star formation
in Orion, its accompanying phenomena, and the moleculaI' environment in which it takes
place. We tried 1.0 collect from the literature all relevant material, and to present it such
thaI. it can be used by observers to find their way around in this arnazingly rieh and very
thoroughly studied complex.

We have restricted ourselves 1.0 the region betwecn a=Sh2'lm al\(l a=5hSGm, 8=-11° and
8=+4° (1950.0). In this area are located the large moleclliar cornplcxes consisting of LlGlO,
L1641, L1647, and L1617, L1627, 1.1630 (LI-G2); see figurc 1 (tah'n frolll Klltn('r d (11.,
K3-77).

Our literature search encompasses more than 130 ycars of ohservational work on Orion.
From this, lists were compiled of Ha emission line stars (including T Tauri and I1erhig
Ae/Be stars), reOection nebulae, JIerbig-IIaro (1111) ohjects, moleclliar out.f1ow-, IR-, and X
ray sources, H20 masers, and the moleclliar c1011ds in which all these ohjeds are clnbcdded.
Papers concerning observations of the above rncnt.ioned type of ohjects an~ includcd in our
search; those thaI. are directly rclated 1.0 observations of the ionized gas, or the exeiting stars
of the prominent IllI regions NGC1976/1977 (Ori A) and NGC2024 (Ori B), 01' 1.0 thc densc
moleculaI' cloud OMC1, are not. For these, sec e.g. Goudis (Gl-82) or Cenzd all< I St.ut.zki
(G4-89).

In the following, thc information colleetcd from thc literature is prescnted in the form of
tables, giving a.o. object identifications, coordinates, and a list of rd<'rcnecs in which thesc
objeets are discussed. The rcferences are eoded; note thaI. referenccs 1.0 papers publishcd
before 1900 are marked with an asterisk. Duc 1.0 the sheer vastness of thc material, no
attempt has been made 1.0 either provide a historical context 01' to discuss th(~ data collected
here in the sense of reviewing and combining thc variolls parts.

The literature seareh was carried out by going through all thc AstronolllY and Astrophysics
Abstracts books (1969-1 up to and incillding 1990-1); for the major jourJIal~ (AA, Ap.J,
AJ, MNRAS) the literature is cornpldc up 1.0 DeccrnlH'r 1WW. 1"01' t.!l(' I><'riod I><,fore 1!)()!),

thc volurncs of the Astronomischer .Jahresbericht werc consulte<l. Very 01<1 refcrences were



seleeted from cross-references in the papers themselves, and from Müller and Hartwig (Ml
18), and Schneller (SI-52, SI-57, and SI-61). An extensive list of literature on variable stars
has been prepared by lIuth and Wenzel (Hl-S1).

A large number of papers are on phenomena associated with low-mass star formation in
Orion in general, rather than about any specific objeet. Some of these are broad reviews,
others discuss general aspects of IIH-objects, young stellar objeets, outflows etc., using the
Orion region objeets as examples. These references are included in our list, but will not
always be found in any of the tables. Because these papers are useful, they are mentioned
in the text, at the appropriate locations.

With reference to the tables, it is important to realize that not all parts of the region under
consideration have been equally thoroughly studied. Most surveys of Ha emission line stars
and variable stars, for instance, have concentrated on an area of a size of several square
dcgrces centered on the Trapezium cluster, and not all were carried out to the same limiting
magnitude. Likewise, surveys of NIR sources have been limited to small areas near some of
the reflcction nebulac, to IRAS sources in L1641, and to parts of L1630. Attempts at an
unbiascd search for I1crbig-Haro objeets are hampered by the strong optical emission of more
cxtcndcd objeets in the region. This means that a statistical study, based on the material
gathered here, of the relative frequency of the various types of objeets is not a straightforward
matter. With regards to the emission line stars, this situation is now improving, with the
publication of the large-scale systematic survey being carried out at Kiso Observatory by
Wiramihardja and collaborators (K2-S9, W2-89, WI-91). The area immediately around the
Trapczium cluster remains a problem, however: because of the large number of stars, and
the intensc ncbulosity, distinguishing individual emission line stars is impossible in this type
(objective prisrn) of survey (see also the rcmarks at the end of seetion 1).

1. Ha Emission Line Stars

A distillet dass of low-mass pre-main sequence stars are the T Tau irregular variables. Apart
from variability, Olle of their characteristics is lIa emission. In fact, searches for T Tau stars
are mainly carried out by means of I1a objeetive prism surveys. If a star with Ha emission
is found in a hcavily obscurcd area (such as the Lynds clouds in Orion) it is almost certainly
aT Tau star 01' a rclatcd objeet (Ilerbig, 1I2-(2). The stars found in this way still have to be
studied spcetroscopically, in order to rule out thc possibility of dMe 01' Be stars, supergiants,
01' symbiotic stars. This has to be kept in mind when using Table 1, which lists all Ha
emission line stars in Orion, found in tltc literature (unlcss we found proof of their definite
llOn-T Tauri naülre). Tlte prcscncc of Call emission, fluorescent FeI emission lines (at 4063,
4132 A), anel strong LiI absorption will conllrm thc T Tau nature (112-62).

Surveys of HO' emission linc stars have in most cascs concentrated on the Trapezium region
(in NGC1976 in L16'10), and the region anHlnd thc I10rsehead Nebula (in IC434 in LI630).
Most. st.ars in t.he t.able Itave beeil taken from a llulllbcr of well-known survey papers and
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catalogues: Haro (IIl-53), Haro and Moreno (H2-53), Herbig (H2-62), Herbig and Kuhi (H1
63), Herbig and Rao (H1-72), Parsamian and Chavira (P2-82), and Herbig and Bell (H1-88).
Furthermore, we included stars from three recently published surveys of Orion Ha emission
Hne stars, using the Kiso Schmidt telescope, in Kiso sky areas A-0903 (Kogure et al., K2-89),
A-0904 (Wiramihardja et al., W2-89), A-0975, and A-0976 (Wiramihardja et al., W1-91).
Strom et al. (S7-89) present a list of optical counterparts of IRAS sources in L1641; those
that have Ha emission were added to Table 1.

Strom et al. (S3-90) have identified optical counterparts to several Einstein X-ray sources,
and obtained photometry and speetra for many of them. Among the optical candidates
they found a number of late-type Ha emission line stars, which are induded in Table 1.
Finally, the table contains emission Hne stars found in a survey of apart of L1641 by
Wouterloot and Brand (W2-91). In this last work, stellar spectra between 6300Ä and 9000Ä
were obtained on a photographic plate. The ESO 3.6-m telescope was used in combination
with the triplet correetor and a 1540Ämm-1 red grism. A circular field of diameter ~1°

was observed, centered at approximately a=5h34m, 8=-7°05' (1950.0), in which 112 Ha
emission line stars were found, 87 of them new. The strength of the emission ranged from 1
(very weak and to be confirmed) to 4 (strong). Twenty two stars were found that coincided
with known Ha emission line stars. Of 27 stars (13 of which newly found), speetra (at
114Ämm-1 ) were later obtained with the ESO 2.2-m telescope. In a second region, centered
at a=5h38m40S, 8=-9°05' (1950.0; in L1647), three new emission line stars were found (W2
91). Unfortunately, due to bad weather the quality of this plate is not good. In total, W2-91
found 115 emission line stars, of which 90 are new.

Almost all of the surveys mentioned above provide finding charts; Herbig and Bell (H1-88)
indicate for each star in their catalogue if and where charts can be found.

Herbig Ae/Be stars are induded in Table 1. These stars belong to a dass of pre-main
sequence stars, originally defined by Herbig (H2-60). Herbig's list of 26 stars was selected
following three criteria: the star should have speetral type A or earlier, it should lie in an
obscured region, and illuminate a "fairly bright nebula" in its immediate vicinity. More
recently Finkenzeller and Mundt (F2-84) have presented a list of 57 (candidate) Herbig
Ae/Be stars, three ofwhich (T, BF, and V380 Ori) are within the a, 8 boundaries considered
here (note that HD37490 (w Ori) is just outside this region). In addition to these three, there
are seven others that have at some point in time been marked as (possible) members of this
dass: HD37411, HD37357, HD38238, HD37806, Nk81, V350 Ori, and V599 Ori; they are
therefore also induded in Table 1. Early type emission Hne stars, that are not identified as
Herbig Ae/Be stars were excluded.

Many (especially weak line-) T Tauri stars are sources of X-ray emission (see e.g. the
review by Appenzeller and Mundt, A4-89). Most X-ray observations have been made with a
relatively low angular resolution, and confusion can occur when identifying a particular star
as the origin of the radiation. Where X-ray sources were found to be associated with stars
from our list of Ha emission line stars (Table 1), the reference was put in the appropriate
column. Some papers give results of X-ray observations of individual objeets (e.g. K2-79, P5-
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81, K3-82, CI-86, S3-90), but most papers deal with X-ray emission from Orion in general.
These are the following: GI-72 MI-72 G2-74 M4-76 W4-77 C4-78 Dl-78 Fl-78 B3-79 K2-79
Cl-81 B6-82 S10-83 G2-85 GI-86 M6-87 Cl-89 Cl-90. .

General references on variable (i.e. RW Aur-type) stars in Orion are: Sl-57* Bl-67* Hl-82*
Vl-12 Vl-19 Bl-37 Kl-53 PI-53 P2-54 Kl-55 K2-59 Wl-61 W2-61 Gl-63 Sl-64 VI-65 Ml-69
S2-69 SI-72 Ml-73 PI-73 B3-74 Wl-74 GI-75 M2-75 S4-75 S5-75 P3-76 R2-77 W3-77 Cl-79
Ql-79 Q2-79 S3-79 W2-80 Al-81 lI-81 Pl-81 S4-81 S5-81 Gl-82 H4-82 lI-82 K4-82 F3-84
R2-85 R6-85 WI-86 A4-89 S3-89 S8-89. The RW Aur-type variable stars include the Orion
variables ("In" stars, of which T Tau stars are a subgroup), and rapid irregular variables
("Is" ).

Aggregates of T Tauri stars are called T-associations. General references on T-associations
in Orion are: KI-55 Kl-58 Kl-59 K2-59 S2-69 D2-75 S3-79 S3-80.

In Table I we have not included flare-, flash-, and eruptive variables, unless they are specif
ically known also to be T Tauri - or at least Ha emission line stars. Hundreds of stars are
known, which have exhibited a flare-up once or more, but for which nothing is known about
their evolutionary status, although it is possible that some fraction of these stars are or have
been T Tauri stars. The reference list does however contain the large flare star surveys as
'general references', for those who are interested in cross-checking Table 1 with those lists.
References on flare stars: H2-64 Hl-661I1-68 Al-69 A2-69 A3-69 Hl-69 H2-69 R2-69 R3-69
R4-69 Sl-69 G3-70 S2-71 S5-71 Al-72 Kl-72 G2-76 Hl-76 P2-76 Tl-76 CI-77 C3-78 Kl-80
M2-80 NI-80 PI-80 P2-80 M3-81 Nl-81 Kl-82 El-85 M5-86 C3-88 M3-88. Further reviews
can be found in Gurzadyan (G3-80).

Table 1 is constructed as follows: columns 1 to 7 are reserved for the most used identifications:
column 1 has the star number in the catalogues of Raro (Hl-53) and Haro and Moreno (H2
53), column 2 lists the number of Parsamian and Chavira (P2-82j PC), column 3 gives
the number in the Herbig and Bell - (Hl-88j HBC) or the Herbig and Rao catalogue (HI
72; HRC), column 4 the Parenago number (PI-54j P), column 5 the variable star number
(V) or name (Kukarkin and collaborators), column 6 the Brun number (BI-34), and in
column 7 are listed identifications taken from various other sources (see footnote to Table 1).
Columns 8 and 9 give the right ascension and declination for 1950.0. A number of papers
give accurate coordinates (e.g. K2-89, S7-89, W2-89, W2-90, WI-91, W2-92). In the older
papers, positions are usually given for 1900.0, and often only in decimal time- and arc
minutes, but sometimes these are the only coordinates available. They were then precessed
by us, and we always give the 1950-coordinates in (arc)seconds. Therefore, not all positions
are claimed to have astrometric accuracy. In particular, the coordinates of PC-, Haro4- or
Haro5-stars that have no other reference than P2-82, Hl-53, or Fl-60 can be off by as much
as 5 arcmin, and should be treated with caution. In column 10 we give the references for each
star. Only references are included that concern observations of the stars themselves (and
the associated IRAS sources, if anY)j references on associated phenomena (masers, outflows,
reflection nebulae, Herbig-Haro objects) are collected in other tables.
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Much work on Ha emission line stars has been carried out by Haro and co-workers at the
Tonantzintla and Tacubaya Observatories, and various lists have been prepared by these
observers. Many stars therefore have a Tonantzintla number (see e.g. P2-82). The original
list of Ha emission line stars in the Orion Trapezium region by Haro (Hl-53) contains
255 stars. Parsamian and Chavira (P2-82), in their catalogue of Ha emission line stars in
a 5° x 5° region around the Orion Nebula, have continued this numbering system. The
original Haro numbering system for stars in the Trapezium region is usually referred to as
Har04-, while the stars in the survey of IC434 (H2-53) have Har05- (sometimes called HM-)
numbers. These prefixes were added by Herbig (H2-62) to distinguish stars in the different
Tonantzintla Ha surveys. For the sake of consistency, we have added the prefix "Har04-" also
to all Tonantzintla numbers higher than 255 in the PC-catalogue. Thus, in Table 1, column
1, the stars with numbers 4-1 through 4-255 are the original (Hl-53) Haro4-numbers. Note
that flare stars found at Tonantzintla also have Ton-numbers, and individual stars should
preferably be identified with one of the other designations, to avoid confusion. For clarity,
we here give a list of the various Haro-numbers one may encounter in the literature (see
H2-62 and Hl-72):

Haro1-: Sco-Oph

Haro2-: Galaetic Center

Har03-: Galaetic Center

Har04-: Orion Nebula

Har05-: IC434

Har06-: Tau-Aur-Ori

lIar07-: Unpublished

Some confusion is unavoidable. For example, in the literature we frequently found references
to an 110' emission line star Har02-249, which according to the above, should lie in the
Galaetic Center region. This star is PC484 = HBC491j according to the finding charts, it is
number 249 in Haro (Hl-53), and must therefore be Har04-249.

There are a number of other controversies, where the identifications of a certain star in the
different catalogues do not agree:

• In Table 1, we identify WZ Ori with PCllO = Har04-127 = P1424 = Bruri234. These
identifications are confirmed in the other catalogues, except in Brun (Bl-34) who states
that WZ Ori = Brun254. Even though the coordinates of PCllO are more consistent
with those of Brun254, the finding charts show that PCllO =Brun234, and we assurne
Brun has erred in the identification of WZ Ori .

• A similar case is BS Ori: we use PC54 = Har04-31 = P1204 = Brun104 = BS Ori,
which is consistent with the identifications found in other catalogues, except Bl-34.
Brun has BS Ori = Brun76, although the coordinates of Brun76 differ from those of
PC54 by 12sec. The coordinates of Brun104 are the same as those of PC54, and the



finding charts show that PC54 = Har04-3I = BrunI04, so we assumed Brun was in
error here (as in fact was also noted by Haro (HI-53)).

• In P2-82 we find PC113 = Har04-2I = P1435. Haro (HI-53) states that Har04-21
= Brun222, but Parenago identifies Brun222 with P1415, and P1435 with Brun236.
Also in Brück (Bl-71) we find Brun222 = PI415 = Har04-21. Finding charts show,
that PC113 = Brun236, and PC113 = Har04-2I, while the coordinates of PC113 are
those of P1435. Therefore, PC113 = Brun236 (which is also consistent with the star's
magnitude). For a long time we used Haro's identification of Har04-2I = Brun222,
and did not look for Brun236 in those cases where only Brun numbers were given in
the literature. Therefore, the references for this entry may be incomplete in Table 1.

• PC475 = V594 Ori (see e.g. A2-72), and not V592 Ori, as found in P2-82. In fact,
V592 Ori = PC453j in Strom et al. (S3-90) the latter two are identified as two separate
stars (Xray52c and d, respectively), but in Table 1 we have left them as a single star.

• In Brück (B2-72) we find Har04-213 = P2388 = PR Ori. While the second part of this
identification is correct, the first one is not. Har04-2I3 = PC388 = V832 Ori (according
to P2-82 and the finding charts), and this star is not in the Parenago catalogue (PI-54).
Also, a star cannot have both a V-number and a name. The conclusion is, that Brück
has erred with the Har04-213 = PR Ori identification.

• In Table 1 we use PC233 = Har04-194 = PI931 = Brun637 = HBC138, and PC234
= Har04-193. Parenago (PI-54) confirms that PI931 = Brun637 = Bond659 (Bond,
BI-67*), while Brun (BI-34) also says that Brun637 = Bond659. However Haro (Hl
53) identifies Brun637 with Har04-I93, as does Brück (B2-72) who states that P193I
= Brun637 = Har04-193. But the finding charts show that PC233 = Har04-194, and
PC234 = Har04-I93. The confusing agent here might have been the coordinates, which
in the PC catalogue are identical for PC233 and PC234.

• In Strom et al. (S3-90), HBC487 = P2494 is erroneously identified as Brunl009. The
correet identification is Brunl069. Likewise, in the same reference, Xray-source 25
should be PC323, instead of PC353. Note, that S3-90 do not consider this star to be
a member of the LI641 dark cloud population, on the basis of the weakness of its Li
lines.

• For the cross-identification of stars with BD-numbers, we have followed Parenago (Pl
54). In two cases, Brun (BI-34) gives different BD-identifications: for Brun312 and
Brun430. Also, BI-34 identifies Brunl069 (= P2494) with BD-6 1258, whereas in
PI-54 this BD-number is for P2495 (= Brunl068), which is not in our Table 1.

• In the identification of stars in the survey of Kiso field 0976 (Wiramihardja et al.,
WI-91), a number of errors were found: KiHa76-199 is Har04-216, not Har04-2Ij
KiHa76-274 = PC41O, but the BF Ori identification is wrong; KiHa76-386 = KiHa4
145, instead of KiHa4-45j KiHa76-401 is not PC517 (in fact, finding charts show that
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PC517 = KiHa76-374, which is also found in WI-91)j finally, the identification of
KiHa76-263 with V380 Ori is correct, according to the coordinates, but W1-91 give
a V-magnitude of 15.8 for this star, which seems to be too faint (Herbig and Bell
(H1-88) quote a range of 10.0 to 10.5 for V). Wiramihardja et al. (W2-89) erroneously
identify KiHa4-10 with St48 (S8-86): the confusion perhaps arises because the (1900)
coordinates of St48 in S8-86 are approximately equal to the (1950) coordinates of
KiHa4-10 in W2-89.

Figures 2 and 3 show the distribution of the stars from Table 1 in L1640/1641/L1647 and
L1617/L1627/1630, respectively. The scales of the figures are identical. Next to these
figures are reproductions from the POSS E-plates on the same scale. It is striking that,
whereas the bulk of the Ha emission line stars in figure 2 are found within the boundaries
of 11640/1641, in figure 3 the distribution of the stars is much more even, with only a slight
concentration in the L1627/1630 clouds (see also K2-89, W2-89, WI-91). Most of the stars
outside the cloud boundaries in figures 2 and 3 are from the Kiso sky survey (K2-89, W2-89,
W1-91); no membership information for these stars is available, and it may be that there is
a contamination here of background stars.

The region of the most recently formed massive stars, Ori OBld (see e.g. Warren and Hesser,
W2-77) forms part of the Trapezium cluster. Here, the spatial density of newborn stars (age
less than 1 x 106 years) is about 2200 pc-3 (142 stars brighter than M(Ic )=+6.0 within a 9
arcmin2 area; Herbig and Terndrup, H5-86), higher than in any known star forming region,
and more than an order of magnitude higher than what is derived using the stars in Table 1.
Most of these stars are of low mass « 1 MG ), and have not been studied spectroscopically.
There are indications that also in other parts of the Orion complex star clusters are being
formed (S6-89, L2-90). In reference to the Trapezium region, we note that Haro (HI-53) has
remarked that the number of variable stars, possibly with emission characteristics, increases
with decreasing distance to the Trapezium cluster, but that close to this cluster no emission
lines could be detected (in his survey) due to strong interference of the nebula.

2. Reflection Nebulae

Reflection nebulae are nebulosities associated with stars of type B or later, and we have
included all these objects in our search. The largest of these objects are among the first
discovered phenomena associated with low-mass star formationj some of them were already
found by Messier and the Herschels. The Orion region contains reflection nebulae of sizes
ranging from several arcseconds to many arcminutes. They are listed in several catalogues,
mainly Bernes (Bsj B1-77), van den Bergh (vdBj V1-66), Cohen (RNOj C4-80), Reipurth
(Rej R3-85). These catalogues were not always compiled with the aim to find reflection
nebulae and many (red nebulous) objects were later identified as Herbig-Haro objeets (see
R4-89) or HII regions instead. In addition there are reflection nebulae that contain a radio
point source, possibly a compact HII region (e.g. NGC2071, B2-83).
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Table 2 presents information eoncerning the known refleetion nebulae. Ineluded in this table
are a number of very small, red objects (Re), that upon speetroseopic study could turn out
to be HH-objeets (Reipurth, personal communication; see also R4-89). Column 1 gives the
principal name of the region. Columns 2 and 3 give the coordinates for 1950.0. Column 4
lists other names for the region, as well as the names of star(s) associated with the objeet.
Column 5 gives references to literature about the objects. For convenience, a distinetion has
been made between references pertaining to optical (ineluding UV), NIR, and FIR work, and
observations of the molecular (ineluding NIR H2 measurements) and atomic constituents (all
eolleeted under "mol").

3. Herbig-Haro Objeets, Molecular Outflows, and H 20 Masers

In the vicinity of young stars one often observes (bipolar) outflows, that may give rise to
manifestations such as Herbig-Haro objeets and water vapour masers.

Herbig-Haro objects are 'semi-stellar' patches of nebulosity, that were at one time thought
to be either protostellar eondensations (e.g. MI-65, H4-69), or reflection nebulae (e.g. 81
74,82-74,83-74). The now generally aceepted interpretation is, that they are the result of
the interaetion of high-veloeity stellar winds with the ambient molecular gas. The driving
sources of the HH-objects are thought to be low- to intermediate mass T Tau-like stars
(Ll-85), and as such they are manifestations of low-mass star formation.

Typical properties of HH-objeets are a rieh emission speetrum with only a faint (blue)
continuum, a small angular extent and a high radial or tangential velocity. The Orion region
may eontain two kinds of HH-objeets. First, the elassical ones such as HHI and 2, which are
related to a newly formed low-mass star. 8econd, the HH-like objeets that are located elose
to the HU region M42 (e.g. M42-HH3 and M42-HH4). These show a high proper motion,
but the place of origin, as traced back from their proper motions, is unclear (W2-88). Ogura
and Walsh (01-91) suggest that M42 HHl,2,5-10 are being excited by IRe2, however.

Catalogues with HH-objeets are given by Hl-74, and V3-88.

Reviews discussing HH-objeets in Orion are: Bl-75 B2-78 B3-78 B5-83 Cl-83 J2-83 M6-83
83-83 84-83 C3-84 C4-84 Cl-85 C2-85 M3-85 84-85 89-85 R4-87 88-87 B6-89 R9-89.

L1641 contains the well-known HH-objeets HH1,2,3 (Hl-51,HI-52,Hl-53). Most studies are
limited to these objeets and several others near M78 (=NGC2068) (HH19-27), that are
grouped elose together. Reeently Reipurth and Graham (R5-88), Reipurth (R4-89, R5-89),
Ogura and Wal~h (01-91), and Reipurth and Olberg (Rl-91) found, on deep red 8chmidt
plates, many more HH-objeets (HH58-71, HH83-95, HHllO-1l3, HH126-130). A peculiar
HH-objeet (HH131) was found by Ogura (02-91); it lies outside the L1641 cloud, and appears
not to be associated with any molecular material. In addition there are some objects that are
little studied and can only be called candidate HH-objects (such as GGD- (Gyulbudagian et
al., G4-78) and HHL-objects (Gyulbudagian et al., G5-87)). Ishida (11-90) reports that on
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deep red plates, made at Kiso Observatory, 900 candidate HH-objects were found in L1641,
and 60 in L1630.

In Table 3 we have assembled information on all HH- (-like) objects in Orion, found in the
literature. The format of the table is the same as that of table 2. There are objects, such
as NGC1999 that are a reflection nebula, but also contain Herbig-Haro objects (see S9-86)
as weIl as an Ha emission Hne star (in this case V380 Ori), and therefore for those objects
references from Tables 1 and 2 are duplicated in Table 3. Many HH-objects consist of several
components. In those cases Table 3 gives the average position. In the case of HH19-27 in
NGC2068, the HH-objects are very close together, and are often considered as one group (for
instance in molecular studies)j the region is then referred to under various names, such as
HH19-27, or HH24-26. Because this nomenclature is somewhat arbitrary, we listed references
for e.g. HH19-27 only with HHl9 and HH27 in Table 3.

HH-objects are possibly related to molecular outflows. Von Hippel et al. (V3-88) list some
areas where both phenomena are found. The Orion North and South complexes contain 18
CO outflows listed by Fukui (Fl-89), and presented here in Table 4. Some of the regions
are complex and contain more than one outflow. Morgan and Bally (Ml-91) carried out a
systematic search for CO emission towards a large number of IRAS sources in L1641, and
found lines with "definite wing profile" in 14 cases (7 of them new). This work was followed
up by Morgan et al. (M2-91), who mapped a number of the sources from Ml-91 in CO, and
concluded that there are three new outflows in this sampie. One of these (IRAS05339-0626)
could however be part of L1641-N. On the other hand, no mapping was done of the sources
found by Wouterloot et al (W4-89), so it is unknown how many of these are true outflows;
they were therefore not included in Table 4. Recently a strongly collimated jet was found
(in CO) near the center of the Orion Nebula (Schmid-Burgk et al., Sl-90), that may be
related to the HH-like objects found in this region. Note that the references in Table 4
are only those, which concern observations of the molecular outflow material. Reviews with
information on outflow sources in Orion are: Sl1-83 C3-84 Bl-85 Ll-85 M3-85 M4-85 S9-85
R3-86 S5-87 S8-87 Ll-88.

Searches for (and observations of) H20 maser emission in Orion have been made by: D1
74 Ll-75 S2-75 M3-76 K2-76 CI-78 C2-78 GI-79 RI-80 TI-81 Sl-81 L2-82 H2-83 R2-83
S2-85 W4-86 W5-86 Z3-87 G5-87 C4-88 B3-89 B8-89 C5-90. Positions of H20 masers are
given in Table 5. These objects are usually associated with FIR sources. Because of their
intrinsic variability, there might be some potential masers that were off at the time they
were observed (W5-86). In the table we included only those references that concern H20
maser observations.

4. IR Sources

The Orion North and South complexes contain a large number of embedded objects which are
observable through NIR and FIR measurements. Because the studies are rather incomplete
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(especially in sky coverage) and the nature of the sources cannot easily be distinguished
in all cases (i.e. not all of these IR sources are necessarily associated with low-mass star
formation, or even with the Orion cIouds), we do not give positions of all of these sources,
but just the individual references (see below). The results of IRA8 facilitate a rapid progress
in our understanding of these embedded sources, and we list papers based on IRA8 results
separately. A number of IR sources are optieally visible. If they have HO' emission, they
are listed in Table 1. For those IR sources associated with reflection nebulae or HH-objects,
references are given in tables 2 and 3, respeetively. Recently, two series of papers (W5-86,
W5-88, W4-89, Hl-9l and 85-89, 86-89, 87-89, M4-90, 83-90, Ml-9l) were published, which
together give a good insight in the properties of embedded (IRA8) sources in L1641.

• NIR: Ml-69 M2-69 Wl-71 Al-73 Cl-73 C2-73 Cl-74 Gl-74 G3-74 83-74 86-75 82-76
R2-77 C3-80 B2-81 M4-8l Pl-8l L4-82 T2-82 L2-83 M5-83 86-83 Rl-83 Al-85 C5-85
K2-85 R2-85 88-85 Nl-86 B3-87 Cl-87 E2-87 M14-87 T4-87 85-89 86-89 87-89 L2-91

• FIR: El-75 82-81 Hl-82 C5-84 C6-85 E2-85

• IRA8: B2-86 B3-86 Rl-86 Tl-86 W3-86 W4-86 W5-86 C5-87 M14-87 P2-87 Z3-87 Pl
88 83-88 88-88 W3-88 W5-88 B4-89 B8-89 86-89 87-89 W4-89 C3-90 M4-90 Tl-90
W2-90 Hl-9l MI-9l

5. Interstellar Medium

8tar formation generally takes piace in small molecular cIumps, that form part of the large
molecular complexes. The occurrence of low-mass star formation may be related to the
properties of these giant molecular c1ouds. Observations of this gaseous environment are
therefore of great importance. References about the small molecular c10uds associated with
HH-objects, reflection nebulae and IRA8 sources are given in the relevant sections. There
are however many papers that are concerned with the large-scale structure and distribution
of the molecular and atornic constituents of the Orion region. These papers are also of
importance for the understanding of star formation in general.

One can find data on

• HI in: MI-57 MI-58 G2-70 11-73 C7-89

• CO in: TI-73 M4-75 M5-75 KI-76 K3-77 Tl-77 M3-80 Tl-82 83-82 Ml-86 M2-86
B1-87 Tl-87 Bl-89 B2-89 C5-89 C3-90 UI-9l

• OH in: G3-76 BI-80 C3-83 Jl-86 J5-90

• H2CO in: D1-73 Dl-75 F1-79 C3-83

• es in: MI-75 LI-89 LI-90 L2-90 LI-91
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A discussion of large-scale gas- and gamma ray emission is given by D2-83, B3-84, H3-85,
Ml-89, and Fl-90.

Barnard's Loop, which may affeet conditions in the molecular cloud, is discussed in A2
74, 11-78, and Rl-78. Early references (photographs) to this emission nebula are found in
Barnard (Bl-94*), Pickering (Pl-89*), Barnard (Bl-03), and Roberts (Rl-03).

Inside the Orion Nebula, small-scale strueture is present (see e.g. B4-83, S6-88, and W2-85).
Indications of density ftuetuations in the Trapezium region were found by Isobe (11-80), from
observations of interstellar sodium absorption lines, and by Shore (S4-82). Laques and Vidal
(Ll-79j also Vl-82) observed a number of very small «fewarcsec) nebular condensations,
which they identify as partially ionized globules. These objeets have also been observed with
the VLA by Moran et al. (M4-82) and by Churchwell et al. (C3-87); for those condensations
that are associated with stars, the latter authors favour an interpretation as low-mass stars
with evaporating proto-stellar disks. Ammonia observations of small clouds of stellar mass
in OMCl are discussed by Matsakis et al. (M2-82) and Harris et al. (Hl-83). Taylor et
al. (T3-86) observed clumps of high velocity blue-shifted material in the core of the Nebula.
Lada (Ll-89, Ll-90, L2-90, Ll-9l) discusses the clumpy strueture in L1630, based on her CS
observations of that cloud.

It is remarkable that the HH-objeets in L164l studied by Reipurth (R4-89) are approximately
aligned in the same direetion as the filaments found in 13CO by Bally et al. (Bl-87), which
is along the magnetic field lines (see e.g. Vrba et al., V4-88). Relevant references on the
magnetic field in Orion in general are Vl-69, M2-70, S2-80, T4-86, and H5-87; concerning
the magnetic field in L1641 are A2-74 B3-74 H2-82 H3-83 H7-87 S8-88 V4-88 and T3-89;
concerning L1630 are Vl-76 Vl-77 C4-83 and H4-86.

6. OMC2

Moderate-mass (about 2.5 M0 ) star formation is going on in the molecular cloud OMC2,
located to the north of M42. Since this region cannot be ascribed to the other categories
of objects, and is usually not covered by reviews of OMCl, we give references to this cloud
below:

• Mol: Gl-74 Ml-74 K3-76 M3-76 Rl-77 C2-78 Hl-79 Fl-80 Ll-80 Sl-8l B3-82 K2-82
B4-83 R2-83 F2-85 B3-89 B4-90

• Radio: W2-74 Wl-76

• NIR: Gl-74 T2-82 W3-82 Pl-86 H2-84 Hl-85 R3-89 J6-90

• FIR: H2-76 Ml-77 T2-78 M3-90

• Reviews: T2-78 G1-82
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7. Request

We would appreciate it, if readers could inform us if they find any object in the tables that
ought not to be there, or alternatively if we have not included a particular objeet or relevant
reference from this period in our lists. We also welcome comments the reader may have on
possible misidentifications of objects in the tables.

Acknowledgement

This work was in part supported by the Deutsche Forschungsgemeinschaft through grant
SFB301. A cunning plan by Baldrick is gratefully acknowledged.

12



~
i
!

-i

J

I

J
I

J
I
I
t

J
J
~

30ri
~

_ <:;0 L-
~ I,.,

I

- 60L

I

Figure 1. Sketch of the Orion region, showing the outlines of the Lynds clouds in the
region (taken from Kutner et al., K3-77). The area of investigation to which we have limited
ourselves, is enclosed by the drawn lines.
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TABLE 1. Ha EMISSION LlNE STARS IN ORlON.

Haro PC HBC P Name Brun Other RA OEC References

(I) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
KiHa75-92 5:24: 1.0 04:54:56 Wl-91
KiHa75-93 5:24: 2.0 -03:25:28 Wl-91
KiHa3-130 5:24: 6.0 +00:14:57 K2-89
KiHa3-131 5:24: 7.0 -00: 4:46 K2-89
KiHa3-132 5:24: 8.0 -00:43:24 K2-89
KiHa3-133 5:24: 9.0 -00:43:40 K2-89
KiHa75-94 5:24:12.0 -03: 6: 8 Wl-91
KiHa75-95 5:24:14.0 -06:46:22 WI-91
KiHa3-134 5:24:20.0 +01:37:52 K2-89
KiHa3-135 5:24:21.0 -01:11:32 K2-89
KiHa75-96 5:24:21.0 -05:55:32 Wl·91
KiHa3-136 5:24:26.0 -02:38:38 K2-89
KiHa75-97 5:24:26.0 -06:38: 0 Wl-91
KiHa3-137 5:24:34.0 -00:44: 4 K2-89
KiHa75-98 5:24:34.0 -02:56:52 Wl-91
KiHa75-99 5:24:35.0 -02:40:37 W1-91
KiHa75-100 5:24:35.0 -07: 0:45 Wl-91
KiHa3-138 5:24:38.0 +01:42:12 K2-89
KiHa75-102 5:24:40.0 -07: 4: 2 Wl·91
KiHa75-101 5:24:40.0 -07:51:11 WI-91
KiHa3-139 5:24:44.0 -00:51: 0 K2-89

4-256 1 KiHa75-103 5:24:45.0 -03:39:30 P2-82 Wl-91
4-257 2 KiHa75-104 5:24:46.0 -07: 2:23 P2-82 Wl-91

KiHa3-140 5:24:47.0 +01: 0:21 K2-89
KiHa3-141 5:24:52.0 -01:55: 0 K2-89
KiHa75-105 5:24:52.0 -05:20:50 WI-91
KiHa75-106 5:24:57.0 -03:11: 4 WI-91
KiHa3-142 5:25: 2.0 -00:47:51 K2-89
KiHa75-107 5:25: 6.0 -07:20: 1 WI-91
KiHa3-143 5:25:10.0 -01:46:48 K2-89
KiHa3-144 5:25:11.0 -00:34:36 K2-89
KiHa3-145 5:25:11.0 -00:48:30 K2-89
KiHa75-108 5:25:13.0 -06:54:14 WI-91
KiHa3-146 5:25:17.0 +00:10:52 K2-89
KiHa75-110 5:25:18.0 -05:37:15 Wl.91
KiHa75-109 5:25:17.0 -06:27: 6 WI-91
KiHa3-147 5:25:19.0 +00:10:36 K2-89

4-258 3 KiHa75-111 5:25:21.0 -05:18:58 P2-82 WI-91
KiHa3-149 5:25:26.0 -00:42:10 K2.89
KiHa3-148 5:25:30.0 -02:13:34 K2.89
KiHa3-150 5:25:32.0 -00: 9:28 K2-89
KiHa3-151'" 5:25:38.0 -02:56: 4 K2-89
KiHa75-112 5:25:38.0 -06:17:44 Wl-91
St40 5:25:42.0 +01: 7:50 S8-86 01-88
KiHa3-152 5:25:42.0 -00:26:15 K2-89
KiHa3-153 5:25:45.0 -02:14:40 K2-89
KiHa3-154 5:25:47.0 +00:36:17 K2-89

4-261 6 5:25:48.7 -07:38:21 P2.82
KiHa3-155 5:25:50.0 +00:44:22 K2·89
KiHa75-113 5:25:52.0 -04: 2:32 Wl·91

4-260 5 KiHa75-114 5:25:52.0 -07:39:28 P2-82 WI-91
KiHa3-156 5:25:55.0 -00:52:31 K2-89
KiHa3-157 5:25:56.0 -00:47:34 K2-89

4-259 4 KiHa75-115 5:25:56.0 -06:28:19 P2-82 WI-91
KiHa3-158 5:25:58.0 +02: 8:15 K2-89
KiHa3-159 5:25:59.0 +00: 3:18 K2-89
KiHa3-160 5:26: 1.0 -02:18:46 K2-89

4-262 7 5:26: 2.4 -06:11:58 P2-82
KiHa3-161 5:26: 3.0 -02:29:21 K2-89
KiHa3-162 5:26: 5.0 -00:56:25 K2-89
KiHa3-163 5:26: 6.0 -00: 5:45 K2-89
KiHa3-164 5:26: 6.0 -02:37:15 K2-89
KiHa3-165 5:26: 7.0 -02:12: 9 K2-89
KiHa3-166 5:26: 8.0 -01: 7:13 K2-89
KiHa75-116 5:26: 8.0 -03:27:43 WI-91
KiHa75-117 5:26:18.0 -05:25:57 WI-91
KiHa3-167 5:26:20.0 +01:53: 4 K2-89
KiHa75-118 5:26:21.0 -04:48:56 Wl-91
KiHa3-168 5:26:23.0 -00: 3:17 K2-89
KiHa3-169 5:26:23.0 -00:50:21 K2·89
KiHa3-170 5:26:23.0 -02:17:39 K2-89

RX KiHa75-119 5:26:27.0 -06: 8:28 P3-04 HI-31 PI-52 PI-54 Wl-91
IRAS05264- 0608
KiHa75-120 5:26:28.0 -04:53:46 WI-91
KiHa3-171 5:26:36.0 -01:35: 0 K2·89
KiHa3-172 5:26:37.0 -00:56:12 K2-89
KiHa75-122 5:26:39.0 -06:37:52 Wl·91

4-263 9 5:26:42.5 -07:47:13 P2-82
432 P 102 St41, 5:26:44.8 -06:10:25 PI-54 Bl-67 Ml·82 S8-86 01-88 Hl-88 W2-90

BD-61193,
IRAS05267-0610
KiHa3-173 5:26:45.0 -02:15:12 K2-89
KiHa3-174 5:26:47.0 +00:56:11 K2-89
KiHa3-175 5:26:51.0 +01: 6: 2 K2-89
KiHa3-177 5:26:51.0 -00:26:16 K2-89
KiHa3-176 5:26:51.0 -01:27:34 K2·89
KiHa3-178 5:26:55.0 -00:58: 7 K2-89
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TADLE 1. CONTINUED.

Haro PC HDC P Name Brun Other RA DEC References

(I) (2)
(1950) (1950)

(10)(3) (4) (5) (6) (7) (8) (9)
KiHa75-123 5:26:58.0 -05:20:20 W1-91
KiHa3-179 5:26:59.0 +01:44:17 K2·89
KiHa75·124 5:26:59.0 -07:35: 4 W1·91

4-264 10 KiHa75-125 5:27: 4.0 -07:48:53 P2-82 WI-91
KiHa75·126 5:27: 7.0 -03:48: 3 Wl-91
KiHa3-180 5:27: 8.0 +02: 7:40 K2-89
KiHa75-127 5:27:12.0 -04:42:40 Wl-91
KiHa3-181 5:27:16.0 -01:48: 7 K2-89
KiHa3-182 5:27:17.0 -02:55:49 K2-89
KiHa3-183 5:27:20.0 -00:22:29 K2-89
KiHa75-128 5:27:20.0 -06:56:32 W1·91
KiHa3-184 5:27:27.0 +02:31: 2 K2-89
KiHa3-185 5:27:28.0 -00:23: 2 K2-89

4-265 11 KiHa75-129 5:27:30.0 -07:39:23 P2·82 Wl-91
4-266 12 5:27:30.8 -07:35:58 P2-82

KiHa3-186 5:27:32.0 +01:10:42 K2-89
KiHa3-187, 5:27:34.0 -02:17:37 K2·89 Wl-91
KiHa75-130
KiHa3-188 5:27:36.0 +00:50:13 K2-89
KiHa3-189 5:27:37.0 +01:46: 6 K2-89
KiHa3-190 5:27:39.0 +01: 6:45 K2-89
KiHa3-191 5:27:40.0 -02: 8:26 K2·89
KiHa3-192 5:27:41.0 -01:57:57 K2·89
KiHa75.131 5:27:46.0 -04:44:43 Wl-91
KiHa3-193 5:27:49.0 -02: 2:42 K2-89
KiHa75-133 5:27:50.0 -02:28:45 W1·91
KiHa75-132 5:27:50.0 -06: 8:50 W1.91
KiHa75-134 5:27:54.0 -06:20:32 W1·91
KiHa3-194 5:27:55.0 -00:32:36 K2·89
KiHa3-195 5:27:56.0 +02: 0:50 K2-89
KiHa3-196 5:27:59.0 -00:38:46 K2-89
KiHa75-135 5:28: 8.0 -04:10:58 W1·91
KiHa75-136 5:28:10.0 -05: 6:49 W1·91

13 V538 KiHa75-137, 5:28: 11.0 -05:27:57 R1·62? P2-82 G1·85 Wl-91
KiHa76·1
KiHa75·138 5:28:14.0 -06:55:47 Wl-91
KiHa3-197 5:28:15.0 -02:42:38 K2-89
KiHa75-139 5:28: 15.0 -06:36:46 Wl-91
KiHa3-198 5:28:19.0 +01:10:34 K2-89
KiHa3-199 5:28:21.0 -02:20:38 K2-89

4-267 14 KiHa75-140 5:28:21.0 -07:27:11 P2·82 W1·91
KiHa3-200 5:28:23.0 +01: 5:46 K2·89
KiHa3-201 5:28:26.0 -00:45:35 K2-89
KiHa76-2 5:28:33.0 -05:44:20 Wl-91
KiHa76·3 5:28:35.0 -06:35:56 Wl-91
KiHa3-203 5:28:37.0 +00: 6:24 K2-89
KiHa3-204 5:28:38.0 -01 :58:59 K2-89
KiHa75-141 5:28:38.0 -03:46:25 W1·91
KiHa3-205 5:28:41.0 +00: 0:51 K2-89
KiHa3-206 5:28:43.0 -02: 6:37 K2-89

4-268 15 5:28:43.0 -06:54:27 P2-82
4-269 16 KiHa75-142, 5:28:43.0 -06:54:27 P2-82 W1.91

KiHa76-4
KiHa3-207 5:28:44.0 +01:49: 0 K2-89
KiHa4-1, 5:28:47.8 -00:51:31 K2-89 W2-89
KiHa3-208
KiHa75-143 5:28:54.0 -07:32:51 Wl-91
KiHa3-209 5:28:55.0 +02:35:25 K2-89
KiHa3-210, 5:28:56.0 -00:53:12 K2-89
IRAS05290-0053?
KiHa75·145, 5:28:58.0 -04:30: 9 W1·91
IRAS05289-0430
KiHa75·144 5:28:58.0 -05: 7:25 W1·91
KiHa3-211 5:29: 0.0 -01:53:40 K2·89
KiHa3-212 5:29: 1.0 -01:45:46 K2-89

4-270 17 KiHa75-146, 5:29: 4.0 -06:10:51 P2-82 G1·85 Wl-91
KiHa76·5
KiHa75-147 5:29: 5.0 -04:30: 4 W1·91
KiHa3-213 5:29: 8.0 -01:45:44 K2-89
KiHa76-6 5:29: 8.0 -06:22:12 W1·91

4-271 18 5:29:13.3 -07:10:17 P2-82
KiHa3-214 5:29:18.0 -02:18:30 K2-89
KiHa75-148 5:29:18.0 -02:49:58 Wl-91
KiHa3-215 5:29:20.0 -02:51:46 K2-89
KiHa76.7 5:29:28.0 -02:49:24 Wl-91
KiHa76-9 5:29:28.0 -04: 8:43 Wl-91
KiHa76.8 5:29:28.0 -04:29: 0 W1-91

5-63 KiHa4-2. 5:29:28.5 -01:42:19 H2-53 Fl-60 G1·65 K2·89 W2·89
KiHa3-216
KiHa3-217 5:29:29.0 +01:22:30 K2-89
KiHa3-218 5:29:32.0 -02:28:23 K2-89
KiHa3-219 5:29:33.0 -02: 3:24 K2-89

5-64 KiHa4-3, 5:29:34.0 -01:13: 8 H2-53 Fl-58 K1·59 Fl-60 G1·65 K2.89 W2-89
KiHa3-220

20 97 Sani, 5:29:34.4 -03: 7:38 51-71 H1-72 Cl-74 C2-79 M4-80 B10-82 P2·82
KiHa75-149 H2-86 H1-88 Wl-91
KiHa3-221 5:29:37.0 -00:39:20 K2-89
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TABLE 1. CONTINUED.

Haro PC HBC P Name Brun Other RA DEC References

(l) (2) (3) (4) (5) (6) (7)
(1(9:)0) (1960)

(10)(9)
KIHa75·150 6:29:37.0 -06:62:11 Wl-91
KiHa76-10 5:29:38.0 -04:68:16 WI-91
KiHa75-151 6:29:38.0 -07:31:26 Wl-91
KiHa75-152 5:29:39.0 -02:34:41 WI-91

5-82 436 RY IRAS05296-0251 5:29:39.6 -02:61:66 P3-04 W1-06 Gl-14 Ml-29 HI-31 Cl-38 HI-49
Kl-60 H3-62 P2-62 H2-63 51-63 Fl-SS KI-69
Fl-60 Gl-65 Cl-73 C3-73 G3-74 Hl-88 W2-90

4-272 19 V695 6:29:39.8 -04:68: 7 P2-82
4-273 21 P 847 HP KiHa75-153, 6:29:41.0 -06: 4:38 PI-62 PI-54 Kl-59 RI-62 M2-81 P2-82 M4-83

KiHa76-11 CI-86 M4-88 WI-91
4-277 25 V540 KiHa75-154, 5:29:42.0 -06:57:44 RI-62'1 P2-82 Gl-85 WI-91

KiHa76-12
KiHa3-222 5:29:43.0 -00:49:60 K2-89

4-274 22 KiHa75-156, 5:29:43.0 -05:21:42 P2-82 GI-85 Wl-91
KiHa76-14
KiHa75-155, 5:29:43.0 -06:24:12 WI-91
KiHa76-13
KiHli3-223 5:29:44.0 +01:59:23 K2-89
KiHa76-15 5:29:44.0 -06:39:53 W1·91
KiHa3-224 5:29:45.0 +01:21:10 K2-89

4-275 23 5:29:45.3 -05:23:50 P2-82
4-276 24 6:29:45.3 -05:26:38 P2-82 GI-85

KiHa3-225 5:29:47.0 +01: 1:55 K2-89
KiHa3-226 5:29:47.0 -02:13:13 K2-89
KiHa75.157, 5:29:48.0 -05:37: 7 WI-91
KiHa76.16
KiHa76.17 5:29:48.0 -06: 3: 9 Wl-91

4-278 26 KiHa75-158, 5:29:48.0 -06:23: 1 P2-82 GI-85 WI-91
KiHa76-18
KiHa3-227 5:29:51.0 -00: 6:42 K2-89

4-279 27 KiHa76-19 5:29:51.0 -05:15:43 P2-82 WI-91
4-282 30 KiHa75-159, 5:29:52.0 -05:39: 0 P2-82 GI-85 WI-91

KiHa76-20
KiHa4-4, 5:29:52.6 -00:38:69 K2-89 W2-89
KiHa3-228
KiHa3-229 5:29:54.0 -01:69:16 K2-89

5-65 5:29:55.0 -01:59: 2 H2-63 Kl.59 Fl-60 Gl-66
KiHa3-230 5:29:55.0 -02:37:44 K2.89
KiHa3-231 5:29:56.0 -00:43:45 K2.89

4-280 28 KiHa75-161, 5:29:56.0 -03:46:19 P2.82 Wl-91
KiHa76-22
KiHa76-21 6:29:56.0 -05: 0:28 WI-91
KiHa75-160 5:29:56.0 -05: 7:29 WI-91
KiHa75-162 5:29:58.0 -06:30:13 WI-91

5-66 V462 KiHa4-5, 5:30: 0.0 -01:15:52 H2.53 Fl.58 Kl-59 Fl-60 GI-65 K2-89 W2-89
KiHa3-232

4-281 29 KiHa75-163 5:30: 0.0 -07:42:66 P2-82 Wl-91
KiHa75-164 5:30: 1.0 -06:36:25 Wl-91

4-283 31 6:30: 4.1 -04:46:15 P2-82 Gl-85
KiHa3-233 5:30: 6.0 -02:29:37 K2-89

4-2154 32 KiHa76-165 5:30: 6.0 -06:10:69 P2-82 WI-91
KiHa76-23 5:30: 9.0 -03:31:66 Wl-91
KiHa75-166 5:30:10.0 -03:56:46 Wl-91
552-28 6:30:10.4 -00:29:20 52.77
KiHa4-6, 5:30:10.6 -00:29:20 K2-89 W2-89
KiHa3-234
KiHa3-236 5:30:11.0 -02:18:57 K2-89
KiHa76-24 5:30:11.0 -05:53:52 Wl-91
KiHa3-236 5:30:12.0 +01:62: 2 K2-89
KiHa3-237 5:30:12.0 -00:39:63 K2-89
KiHa3-238 6:30:15.0 -02: 1:44 K2-89
KiHa76-167 5:30:15.0 -03:60:45 Wl-91

4-145 33 KiHa76-168, 5:30:16.0 -06:38: 2 HI-63 KI-59 A2-72 Gl-76 P2-82 B3-89 Hl-91
KiHa76-25, Wl-91
lRAS06302 - 0537
KiHa4-7 5:30:16.7 -00: 4: 0 W2-89
KiHa3-240 5:30:17.0 -00:37:47 K2-89
KiHa3-239 5:30:17.0 -00:61:48 K2-89
KiHa76-169 5:30:17.0 -06:35:21 Wl-91
KiHa4-8 5:30:17.4 -01:39:30 W2-89
KiHa3-241 5:30:18.0 -01: 2:11 K2-89

4-286 35 KiHa76-171, 5:30:18.0 -05:40:19 P2-82 G 1-85 WI-91
KiHa76-27

4-285 34 KiHa76-170, 5:30:18.0 -06:55:28 P2-82 WI-91
KiHa76-26
KiHa76-28 6:30:20.0 -04:43:49 WI-91

4-155 36 PI009 UZ 16 KiHa76-29 6:30:20.0 -06:41:46 P2-04 Hl-23 81-34 PI-52 Hl-53 Pl-64 Kl-59
Rl-62 B2-72 Gl-76 P2-82 M2-83 Pl-SS WI-91

KiHa76-172 5:30:20.0 -07:17:22 Wl-91
4-287 37 6:30:20.4 -06:12:40 P2-82 GI-85

KiHa4-9 5:30:23.4 -01:34:64 W2-89
KiHa76-30 5:30:24.0 -06:46:14 Wl-91
KiHa3-242 6:30:26.0 +00:37:13 K2-89
KiHa76-174 6:30:25.0 -03:31:61 Wl·91

4-288 38 P1041 22 KiHa76-173, 6:30:26.0 -06:67: 6 BI-34 Pt-54 Al-74 P2-82 M2-83 Gl-86 Wl-91
KiHa76-31

5-81 6:30:27.0 -02:36:10 H2-53 Kl-69 Fl-60 Gl-66
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TABLE 1. CONTINVED.

Haro PC HBC P Name Brun Other RA DEC ReCerences

J1) (2) (3)
(ll8~0) (1950)

(10)(4) (5) (6) (7) (9)
KIHa4·10 5:30:27.6 -00:38:24 W2·89
KiHa3-243 5:30:31.0 -01:50: 9 K2-89
KiHa75-175 5:30:31.0 -06: 4:47 Wl-91
KiHa4-11 5:30:31.6 +00:10:25 W2-89
KiHa3-244 5:30:32.0 +02:30: 8 K2-89
KiHa4-12 5:30:32.2 +00:56:35 W2-89
KiHa4-13, 5:30:33.1 -00:24:58 K2-89 W2-89
KiHa3-245

4-46 39 98 P1066 HS KiHa75-176, 5:30:34.0 -04:51:17 PI-52 HI-53 Pl·54 H2-55 KI-59 RI-62 Wl-63
KiHa76-32 WI-66 Hl-72 Wl-72 GI-76 C2-79 C2-80 Tl-81

P2-82 M2-83 HI-88 Wl-91
99 P1072 HT 39 5:30:34.3 -06: 8:53 Bl-34 PI-52 PI-54 Kl-59 RI-62 Bl-67 WI-69

S3-71 Hl-72 Al-74 01-77 KI-78 C2-79 M2-83
Wl-83 Yl-88 M3-89

4-124 40 100 P1076 V466 42 KiHa75-177, 5:30:34.8 -05:28:29 Bl-34 Hl-53 PI-54 Kl-57 K1.59 H2-62 F1.70
KiHa76-33 Bl-71 S3-71 Hl-72 Al-74 B2-76 Gl-76 B4-77

Kl-78 C2.79 M4-ilQ P2-82 M2-83 S7-83 H2-86
Hl-88 M3-89 Wl-91

KiHa75-178 5:30:36.0 -05: 1:48 Wl-91
KiHa3-247 5:30:38.0 -01:51:12 K2-89
KiHa3-248 5:30:39.0 -01:18:42 K2-89

4-290 42 5:30:39.8 -04:58:29 P2-82 Gl-85
4-289 41 5:30:39.9 -04:55:35 P2-82 Gl-85

KiHa75-179 5:30:40.0 -03:19:29 Wl-91
KiHa3-249 5:30:41.0 -02:24:31 K2-89
KiHa4-14 5:30:41.9 -01:33: 4 W2-89
KiHa4-15 5:30:42.4 +00:34:48 W2-89
KiHa75-181 5:30:43.0 -06: 9:31 Wl-91

4-168 43 101 V384 Ton5?, 5:30:43.4 -05:44:27 Hl-53 H2-54 Hl-55 Rl-56 PI-58 KI-59 Hl-62
KiHa76-34 Rl-62 B2-72 HI-72 Gl-76 C2-79 Al-81 P2-82

Hl-88 Wl-91
KiHa3-250 5:30:44.0 +00:30:20 K2-89
KiHa76-35 5:30:49.0 -04:24:47 Wl-91

45 V394 5:30:51.6 -05: 8:36 Rl-56 PI-58 Kl-59 Rl-62 P2-82
KiHa76-36 5:30:52.0 -06:52:17 Wl-91

4-291 44 5:30:52.1 -04:44:48 P2-82 Gl-85
KiHa76-37 5:30:53.0 -07: 3:57 Wl-91

4-116 46 P1157 VW 82 KiHa76-38 5:30:54.0 -05:23:37 P2-04 Hl-23 Bl-34 Hl-50 PI-52 Hl-53 PI-54
Kl-59 GI-76 P2-82 M2-83 Wl-91

KiHa76-39 5:30:55.0 -05:34:35 Wl-91
KiHa4-16 5:30:55.2 +02:12:14 W2-89

4-292 47 5:30:56.4 -06:11:31 P2-82 Gl-85
4-293 50 5:30:56.4 -06:11:31 P2-82
4-223 48 V542 KiHa76-40 5:30:57.0 -06:24:52 Hl-53 P2-82 Wl-91

KiHa75-182 5:30:59.0 -04:39: 3 Wl-91
KiHa3-252 5:31: 0.0 +01:16:54 K2-89

4-108 51 P1190 V719 97 KiHa76-42, 5:31: 1.0 -05:19:28 Bl-34 Hl-53 PI-54 Kl-59 B2-72 Al-74 Gl-76
IRAS05310-0518 P2-82 M2.83 WI-91

4-202 49 KiHa76-41 5:31: 1.0 -06: 9: 3 H1.53 Gl-76 P2-82 Wl-91
KiHa76-43 5:31: 2.0 -05:29:36 Wl-91

4-295 58 5:31: 2.1 -06:26:13 P2.82 Gl-85
4-294 57 5:31: 3.5 -05:12:19 P2-82 Gl-85
4-122 52 KiHa76-44 5:31: 4.0 -05:27:23 Hl-53 B2-72 Gl-76 P2-82 Wl-91
4-31 54 P1204 BS 104 KiHa75-184, 5:31: 4.1 -04:46:18 P2-04 S2-24 Bl-34 Hl-50 PI-52 Hl-53 PI-54

KiHa76-47 Rl-56 Kl-59 Bl-63 Bl-71 Al-74 G1.76 P2-82
M2-83 Wl-91

4-97 55 P1206 RZ 109 KiHa76-45 5:31: 5.0 -05:13:58 W1-03 P2-04 Hl·23 S2-24 B1·34 Hl-50 PI-52
Hl-53 PI-54 Kl-59 Gl-76 P2-82 Wl-91

4-136 56 102 P1207 108 5:31: 5.0 -05:35:34 Bl-34 Hl-53 PI-54 Kl-57 Kl-59 Bl-71 A2-72
Hl-72 AI-74 Dl-75 G1.76 C2.79 P2-82 M2-83
Hl.88 M3-89

437 P1207/c 5:31: 5.0 -05:35:34 C2-79 Hl-88
4-30 53 103 P1203 VX 106 KiHa75-183, 5:31: 5.9 -04:45:47 P2-04 HI-23 S2-24 Bl-34 Hl-50 PI-52 Hl-53

KiHa76-46 PI-54 H2-55 RI-56 Rl-62 W1.66 B1·71 Hl-72
Wl.72 Gl-76 C2-79 Al-81 P2-82 M2-83 Hl-88
Wl-91

KiHa75-18S 5:31: 7.0 -04:14:23 Wl-91
4-217 61 P1221 SS KiHa76-48 5:31: 7.0 -06:21:36 P2-04 Hl-23 PI-52 HI-53 P1·54 Rl-62 Gl-76

P2-82 M2-83 W1·91
4-71 59 104 P1218 VY 112 KiHa76-50 5:31: 8.0 -05: 3:33 P2-04 Hl-23 S2-24 Bl-34 PI-52 Hl-53 PI-54

H2-55 BI-57 RI-62 W1.63 K2-64 Wl-66 W1.69
81-71 S3-71 A2-72 Bl-72 H1·72 W1·72 Al-74
K2-75 Gl-76 C2-79 Tl-81 P2-82 M2-83 Hl-88
K3-88 WI-91

KiHa76-49 5:31: 8.0 -06:49:33 Wl·91
4-296 60 5:31: 8.9 -05:46:44 P2-82 Gl-85

438 P1229 HV 119 5:31: 9.9 -05:28:54 Bl-34 P1.52 PI-54 F1.70 S3-71 Al-74 K2-79
AI-81 M2-83 S7-83 Cl-86 HI-88 M3-89

St42 5:31 :10.0 -01:10:30 S8-86 Dl-88
5-67 105 5an2, 5:31:11.0 -01:10:25 H2·53 F1·60 Gl.65 51·71 Hl·72 Cl·74 C2079

KiHa4-17 M4-ilO Hl-88 W2-89
4-98 62 KiHa76-51 5:31 11.0 -05:15:14 Hl-53 Kl-59 A2-72 Gl-76 P2-82 W1.91
4-121 63 KiHa76-52 5:31 14.0 -05:26: 5 Hl-53Kl-59 A2·72 Gl.76 P2·82 Wl.91
4-297 65 5:3114.3 -06:15:50 P2-82 Gl-85
4-298 66 5:31 14.3 -06:17:38 P2-82

64 V726 5:31 15.1 -05:35: 8 P2-82
4-101 67 P1254 V729 133 KiHa76-53 5:31 17.0 -05:16:10 Bl·34 HI-53 PI-54 KI-57 KI-59 S3-71 B2-72
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TABLE 1. CONTINUED.

"aro PC IIDC P Name Brun Other RA OEC References

Cl) (2) (3' (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
4-101 Al-74 Gl-76 P2-82 M2.83 Wl-91

107 V386 Ton7? 5:31:17.6 -05:33: 8 "2-54 "1-55 Rl-56 PI-58 Kl-59 "1-62 Rl-62
"1-7201-75 C2-79 Al-81 Cl-86 "1-88

4-131 69 106 1'1260 VZ 136 KiHa76-54 5:31:18.0 -05:32:50 Pl-95· P2-04 "1-23 81-34 Rl-46 "1-50 PI-52
"I-53 PI-54 Rl-56 "2·62 81-71 53-71 "1·72
Al-74 01-75 Gl-76 C2-79 M4-80 P2-82 Jl-83
M2-83 Cl-86 "1.88 Wl-91

KiHa76-55 5:31:18.0 -05:38:31 Wl-91
4-201 71 108 1'1267 V1006 134 Ki"a76-56 5:31:18.8 -06: 6:25 81-34 "1-53 PI-54 "2·55 Wl-63 Wl-66 Wl-69

81-71 81-72 "1-72 Wl-72 Al·74 G1·76 C2·79
Al-81 P2-82 M2-83 "1-88 Wl-91

4-118 68 Ki"a76-57 5:31:19.0 -05:25:26 "I-53 P2-82 Wl-91
4-238 76 1'1277 5T KiHa76-58 5:31:19.0 -06:42:35 P2·04 Hl-23 Hl-50 PI-52 Hl-53 PI-54 Rl-62

G1.76 P2-82 M2-83 Wl-91
74 109 1'1270 141 KiHa76-60 5:31:19.7 -05:59:13 81-34 PI-54 H2-62 Wl-69 Fl-70 81-71 81-72

Hl-72 A1·74 M2-76 Kl-78 C2·79 M4-80 P2-82
M2-83 Cl-86 H2-86 Hl-88 Yl-88 M3-89 Wl-91

4-48 70 V731 KiHa76-59 5:31:20.0 -04:54: 8 Hl-53 Kl-59 Bl-63 82-72 G1·76 P2-82 Wl-91
4-99 73 KiHa76-61 5:31:20.0 -05:15:25 Hl-53 Gl-76 P2-82 Wl-91
4-299 72 V545 5:31:20.3 -06:15:56 Rl-62? P2-82
4-39 77 5:31:22.0 -04:50:20 'Hl-53 Kl-59 Gl-76 P2-82
4-300 78 1'1283 V354 KiHa76-63 5:31 :22.0 -05:38:22 Rl-46 PI-52 P1.54 Rl-56 K I-59 P2·82 G 1-85

Wl-91
4·18 75 1'1272 I1X 140 KiHa75-186, 5:31:22.2 -04:40:26 81-34 PI-52 Hl-53 PI-54 Rl-56 Kl-59 Rl-62

KiHa76-62 81.71 53-71 Al-74 Gl-76 P2-82 M2·83 Wl-91
KiHa76-64 5:31:23.0 -04:50:21 Wl-91
KiHa3-253 5:31:24.0 +01:17:40 K2-89
KiHa76-65 5:31:24.0 -06:23:30 Wl-91
5t43 5:31:25.0 +01:34:43 58-86 01-88

4-159 81 I' 1296 IIY 160 KiHa76-66 5:31:25.0 -05:43:49 81-34 R1·46 PI-52 Hl-53 P1·54 Rl-56 Kl-59
Bl-71 53-71 A2-72 Al-74 Gl-76 P2·82 M2-83
Wl-91

4-3 79 I' 1292 150 KiHa75-187, 5:31:26.0 -04:18:25 81-34 Hl-53 PI-54 81-71 A1·74 Gl-76 Tl-80
KiHa76-67 P2-82 M2·83 Cl-86 Wl-91
KiHa4·18 5:31:26.1 -00: 7: 6 W2-89

1'1309 5:31:26.7 -06:46:46 PI-54 53-90
4-112 80 1'1294 V468 154 5:31:27.4 -05:21:39 81-34 Hl-53 PI-54 K1·57 Kl-59 53-71 A2-72

B2-72 A1·74 Gl-76 P2·82 M2-83 P1·85
4-34 82 110 1'1301 5V 156 5:31:27.7 -04:49:49 W1-03 P2-04 HI-23 52-24 81-34 H1·50 PI-52

Hl-53 PI-54 H2-55 Rl-56 Kl-59 H2-62 W1.63
W2·69 Hl-72 Wl-72 Gl-76 Al-77 M4-77 C2-79
M4-80 Tl-81 P2-82 M2-83 Pl-85 Hl-88

4-301 "3 KiHa76-68 5:31:30.0 -05:42: 5 P2-82 G1·85 W1·91
4·302 84 1'132:l 5V 5:31:31.9 -06:38: 3 P2-04 Hl-23 PI-52 P1·54 Kl-59 R1·62 "1-69

P2-82 M2-83 Gl-85 Pl-85 C3-88
439 1'1319 166 5:31 :32.0 -05: 2: 3 81-34 PI-54 Wl-69 81-72 A1·74 Al-81 M2·83

57·83 Wl-83 Cl-86 HI-88 M3-89 WI-90
4-303 87 1'1333 II 5:31:33.0 -05:38:15 PI-52 PI-54 Rl-56 K1.59 Rl-69 R3-69 R4-69

53-71 Al-74 P2·82 Gl-85 Pl-85 Al-88
KiHa76-69 5:31 :34.0 -02:54: 4 Wl-91

4-15 85 5:31:34.2 -04:37:51 "1-53 Gl-76 P2.82
4·14 86 KiHa75-188, 5:31:35.0 -04:38: 4 Hl-53 H2-55 Kl-59 G1.76 P2-82 Wl-91

KiHa76-70
4·148 88 1'13·11 WW 178 Killa76-71 5:31:36.0 -05:38:56 PI-95· P2-04 "1-23 81-34 Rl-46 Hl-50 PI-52

"1-53 PI-54 Rl-56 81.71 53-71 Gl-76 P2-82
M2-83 Pl-85 Cl-86 Al-88 Wl·91

440 1'1:l-17 179 5:31:36.4 -05:56:53 81-34 PI-54 W1.69 M2-83 W1.83 Hl-88
4·304 89 5:31:38.8 -05:49:40 P2-82 Gl-85
4·305 90 5:31:38.8 -05:51 :52 P2-82 G1·85
4-117 92 5:31 :39.3 -05:24:16 Hl-53 P2-82
4-100 91 111 1'1352 WX 189 KiHa76-72 5:31:39.7 -05:15:44 Pl-95· P2-04 Hl-23 Sl-24 81-34 Rl-46 P1·52

"1-53 PI-54 RI-56 H2-62 R1·62 Kl-59 Ml-66
Ml-68 81-71 S3-71 "1-72 C2-79 P2·82 M2-83
S7-83 "1-88 Wl-91

441 WX/c 5:31:39.7 -05:15:44 PI-54 C2-79 Hl-88
5·69 5:31:40.0 -00:56:27 H2-53 K1·59 Fl-60 Gl-65
4-95 93 I' l:lG2 185 KiHa76-73 5:31 :40.0 -05: 13:40 81-34 Hl-53 PI-54 Kl-57 K1·59 A2-72 82-72

P2-82 M2-83 W1·91
5-68 5:31:41.0 -01: 9:21 H2-53 Fl-60 G1·65
4-146 94 V396 Ki"a76-74 5:31:41.0 -05:38:16 "1·53 Rl-56 K1.59 P2-82 Wl-91
4-190 95 I'I:lG7 197 KiHa76-75 5:31:41.0 -05:57:46 81-34 HI-53 PI-54 Kl-59 81·71 Gl-76 P2-82

M2-83 Wl-91
KiIla4·19 5:31:41.4 -00:21 :49 W2-89
KiIla75-189 5:31 :42.0 -02:30:42 Wl-91
KiIla4.20 5:31 :429 -01: 3: 2 W2·89

4-47 97 V546 Killa75-190, 5:31:43.0 -04:53:20 "I-53 "2-55 R1·62 82-72 Gl-76 P2-82 Wl-91
KiHa76-76

4-45 98 1'1:17:1 DT 200 Killa75-191, 5:31:44.0 -04:52:22 P2-04 52-24 "1-31 81·34 Rl-46 PI-52 HI-53
KiIla76-77 PI-54 RI-56 Kl-59 GI-76 P2-82 M2·83 WI-91
KiHa4·21 5:31:44.7 -01:11:33 W2-89

4-306 96 5:31 :44.8 -05:52:40 P2-82 Gl-85
4-307 !l!. KiHa76-78 5:31:45.0 -05:57:20 P2.82 Gl·85 WI-91
·1-30/'i 101 5:31:45.1 -05:37:16 P2·82

KiHa3-255 5:31 :46.0 +01:35:46 K2-89
KiHa3-254 5:31:46.0 +01:35:26 K2-89

4-1:15 IOD I'I:I/'itl IM 214 KiIla76-79 5:31:460 -05:35:52 81-34 Rl-46 PI-52 HI-53 PI-54 RI-56 KI-59
A2-72 GI-76 P2-82 M2·83 WI-91
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC References

(1) (2) (3)
(1950) (1950)

(10)(4) (5) (6) (7) (8) (9)
KiHa76-82 5:31:47.0 03:59:22 WI-91
St45 5:31:47.0 -05:13:36 S8-86

442 PI394 216 BO-5 1299, 5:31:47.0 -05:38:52 BI·34 PI·54 SI-58 JI-65 BI.67 WI-69 FI-70
IRAS05317-0538 BI-72 52-72 P2-73 B2-76 MI.76 M2-76 CI-77

W2-77 M2-83 HI-88 VI.88 M3-89 W2-90
4-167 102 KiHa76-81 5:31:47.0 -05:44:19 111-53 KI-59 A2-72 GI-76 P2·82 WI-91
4-309 103 V742 KiHa76-80 5:31:47.0 -05:57:40 P2·82 GI-85 CI-86 M4-88 WI-91

112 PI397 218 5:31:48.8 -05:48:32 BI-34 PI·54 BI-63 111-72 PI-73 P2-73 01-75
01-77 C2-79 B2-81 M2-83

104 113 PI404 VI044 220 KiHa76-83, 5:31:49.3 -05:38:44 BI-34 RI·46 PI-54 SI-58 112·62 WI-69 FI-70
IRA505317-0538 BI-71 BI·72 HI-72 P2-73 01.75 PI-75 B2-76

MI-76 M2-76 B4-77 CI-77 Hl.77 KI-78 C2.79
P2-82 M2-83 S9-83 R2-84 H2-86 11-87 HI-88
K3-88 VI-88 VI·88 M3-89 WI-91

108 115 1'1412 5W KiHa76-84, 5:31:49.7 -06:38: 2 WI-03 P2-04 HI-23 PI-52 PI-54 H2-62 RI-62
IRA505317-0638 MI-63 53-71 B2-72 111-72 01-75 C2-79 M4-80

AI-81 P2-82 M2·83 PI-85 C3-88 HI-88 57-89
53-90 W2·90 MI·91 M2-91 WI-91 W2.91

KiHa76-86 5:31:50.0 -02:59:47 WI-91
4-310 106 1'1411 V470 KiHa76-87 5:31:50.0 -05:33:56 PI-54 RI·56? P2.82 WI-91
4-147 107 KiHa76-85 5:31 :50.0 -05:40:15 111-53 KI-59 A2-72 GI-76 P2-82 WI-91

105 114 1'1409 EZ 224 IRAS05318-0506 5:31:50.8 -05: 6:46 B 1-34 RI·46 H2-50 PI-52 BI-54 PI-54 RI-56
KI-59 H2·62 KI.66 MI·66 KI-68 MI-68 M2-68
WI-69 FI-70 M3-70 53-71 BI-72 B2-72 HI-72
KI-74 PI-75 B2-76 B4-77 CI-77 KI-78 W2.78
C2-79 UI-79 B2-81 B 10-82 P2-82 M2-83 M3-83
59-83510-83 WI.83 R2-84 CI.86 HI-88 VI-88
M3-89 WI-90 W2·90

5t44 5:31:51.0 -00:57: 5 58-8601·88
4-312 1'11 KiHa76-88 5:31:51.0 -05:39: 6 P2-82 WI-91

444 1'1410 223 5:31:51.1 -05: 9: 0 BI-34 PI·54 H3-69 WI-69 B2-72 PI-75 WI-83
111-88

4-313 112 1'1428 V746 241 5:31:51.1 -05:32:41 BI-34 PI-54 51.58 BI-63 MI-76 1'2-82 M2-83
KiHa3-256 5:31 :52.0 +02:19:44 K2-89

4-127 110 1'1424 WZ 234 KiHa76-89 5:31 :52.0 -05:32:18 P2-04 HI-23 BI-34 RI-46 HI-50 PI-52 111-53
PI-54 RI-56 51-58 KI-59 FI-70 BI-71 GI-76
P2-82 M2-83 WI-91

4-311 109 5:31 :52.2 -04:36:47 P2-82 G 1-85
KiHa4-22 5:31 :53.2 -00:35:49 W2-89

&.70 V469 Kilfa4-23 5:31 :53.6 -01:23: 4 H2-53 FI-58 FI-60 W2-89 B3-90
KiHa3-257 5:31 :55.0 +01:50:21 K2-89

4-21 113 1'1435 V547 236 KiHa76-90 5:31 :55.0 -04:43:38 BI-34 HI-53 PI-54 KI-59 RI.62 BI-71 GI-76
P2-82 M2-83 WI-91

445 1'1440 244 5:31 :55.9 -04:49: 9 BI-34 PI-54 WI-69 BI·72 B2-76 M2-83 57-83
WI-83 HI-88 M3-89

4-316 117 1'1458 260 5:31 :57.7 -05: 2:47 BI-34 PI-54 P2-82 GI-85
4-57 118 1'1464 IR 258 5:31 :57.8 -04:58:59 BI-34 RI-46 PI-52 Hl-53 PI-54 H2-55 RI-56

RI-62 GI-76 P2-82 M2-83 AI-88
Xray4 5:31:57.8 -06:46:25 53-90

4-314 114 1'1452 11' 248 KiHa76-92 5:31 :58.0 -04:58:25 BI-34 RI-46 PI-52 PI-54 RI-56 KI-59 RI-62
53-801'2·82 GI-85 AI-88 WI-91

4-315 115 1'1453 5:31 :58.0 -04:58:53 PI-54 1'2-82
4-58 -116 1'1454 KiHa76-91 5:31 :58.0 -04:58:53 BI-34 RI-46 PI-52 HI-53 PI-54 RI-56 KI-59IQ 249

RI-62 B2-72 53-80 P2-82 M2-83 AI-88 WI-91
KiHa76-93 5:32: 0.0 -04:13:10 WI-91

4-29 119 1'1468 BV 256 KiHa76-94 5:32: 1.0 -04:47: 0 1'2-04111-2352-24 BI-34 RI-46 111-50 PI-52
HI-53 I' I-54 H2-55 RI-56 K I-59 RI-62 RI-69
GI-76 1'2-82 M2-83 1'1-85 WI.91

446 1'1487 288 5:32: 1.8 -06: 12:22 BI-34 PI-54 WI-69 M2-83 WI-83 CI-86 HI-88
4-13 120 264 KiHa76-96 5:32: 2.0 -04:37:49 BI-34 HI-53 GI-76 P2-82 WI-91
4-41 121 1'1475 267 KiHa76-95 5:32: 2.0 -04:51 :48 BI-34 1f1-53 PI-54 GI-76 P2-82 M2-83 WI-91
4-94 124 1'1481 IS 280 KiHa76-97 5:32: 2.0 -05: 13:45 BI-34 RI-46 PI-52 HI-53 PI-54 RI-56 KI-59

A2-72 GI-76 1'2-82 M2-83 JI-88 WI-91
4-321 128 1'1502 V755 5:32: 2.6 -06:40:37 HI-04 PI-54 1f1-69 P2-82 W2-91
4-319 125 5:32: 28 -05:49: 5 1'2-82

KiHa76-98, 5:32: 30 -02:59:55 WI-91
IRA505320 - 0300

4-141 126 1'1497 301 5:32: 3.1 -05:37:17 BI-34 111-53 PI-54 GI-76 1'2-82 M2-83 JI-88
4-317 122 5:32: 3.2 -05:28:59 1'2-82

Killa4-24 5:32: 3.5 +00:33:39 W2-89
4-318 123 276 5:32: 37 -05: 5:35 BI-34 WI-69 HI-76 1'2-82 MI-85 M4-87 M2-90
4-320 127 1'1501 IT 282 5::12: 40 -04:50:11 BI-34 PI-52 PI-54 RI·56 KI·59 1'2-82 GI-85
&.83 5:32: 5.0 -02:59:35 112-53 F 1-60 G 1-65

116 1'1519 JU 312 11036884, 5:32: 8.8 -05:43:21 BI-34 PI-57 PI-54 H2-62 52-62 JI-65 BI-67
BO-5 1303 WI·69 FI-70 53-71 BI-72 111-72 EI-73 CI-74

B3-75 01-75 1'2-75 82-76 MI-76 HI-77 KI-78
C2-79 B2-81 M2-83 WI-83 K2-86 01-86 11-87
11-88 VI-88 M3-89

4-158 133 1'1535 V980 327 5:32: 89 -05:43: 0 BI-34 HI-53 PI-54 KI-57 KI-59 BI-71 A2-72
1'2-82 M2-83

4-171 134 1'1536 VIOOO 316 5:32: 89 -05:44:54 BI-34 HI·53 PI-54 KI-59 A2-72 B2-72 1'7-82
M2-83

4-142 130 I' 1524 V759 314 Killa76-99 5:32: 9.0 -05:38:13 BI·34 111-53 PI-54 KI-59 A2-72 GI-76 1'2-82
M2-83 JI-88 WI-91

4-140 129 1'1516 305 5:32: 91 -05:36:48 81-34 111-53 PI-54 KI·59 A2-72 GI-76 1'2-82
M2-83 JI-88

4-200 132 117 I' 1530 XX 319 Killa76-100 5:32: 9.5 -06: 7:31 RI-90· 111-04 1'2-04 111-23 52-2481-34111-50
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC Reference.

(t) (2) (3) ( 4) (5) (6)
(1950) (1950)

(7) (8) (9) (10)
4-200 P1.52 Hl-53 PI-54 H2-55 Rl-62 Wl-63 Wl-66

H3-69 WI-69 W2-69 Bl-7I B1-72 HI-72 WI-72
A1.74 Cl-74 G1-76 A1-77 M4-77 C2-79 M4-80
TI-8I P2-82 M2-83 P1-85 H1-SB W1-91

4-139 131 P1527 IV 321 KiHa76-101 5:32:10.0 -05:36:48 BI-34 R1-46 PI-52 Hl.53 PI-54 Rl-56 51-58
K1-59 G1-76 P2-82 M2-83 Jl-88 Wl-91

P1557 5:32:11.5 -06:55:52 P 1-54 P3-76 53-90
4-60 135 323 KiHa76-102 5:32:12.0 -04:69:36 B1.34 Hl-53 Gl-76 P2-82 W1-91

V938 5:32:12.0 -06: 8:15 53-90
447 P1540 334 5:32:12.3 -05:26:22 Bl.34 Pl-54 51-58 Fl.70 P2-73 PI-75 B2-76

MI-76 M2-83 Cl-86 Hl-SB Jl-SB M2-SB Vl.SB
M3-89 Z2·89

448 P1541 335 5:32:12.5 -05:28:38 BI-34 PI-54 51-58 WI-69 Fl-70 Ml-76 M2.83
WI-83 Hl-SB Jl-SB M3-89

Xray7c 5:32:12.7 -06:37:52 53-90
449 P1554 IY 341 5:32:13.3 -05:52:12 BI-34 PI-52 PI-54 Kl·59 Wl-69 Fl-70 53-71

B2.76 M2-83 WI-83 CI-86 Hl·SB M3-89
4-115 137 118 P1552 IX 340 5:32:13.4 -05:24:38 BI-34 RI-46 H2-50 PI-52 Hl-53 BI-54 PI-54

H2-55 RI-56 SI·58 Kl-59 H2-62 MI-66 Fl·70
HI-72 Cl·74 Pl-75 MI-76 K2-79 M4-80 P2.82
M2-83 HI-88 Jl-88 M3-89

4-323 140 P1564 348 KiHa76-104 5:32:14.0 -05:47:13 BI.34 Pl-54 P2-82 M2-83 CI-86? WI-91
4-177 141 P1565 XY 364 KiHa76-105 5:32:14.0 -05:48: 8 P2-04 Hl-23 BI-34 RI-46 Hl·50 PI-52 Hl-53

PI-54 Rl-56 A2-72 B2-72 Gl-76 P2-82 M2-83
Pl-85 WI-91

4-222 145 V766 KiHa76-103 5:32:14.0 -06:27: 9 Hl-53 GI-76 P2-82 WI-91
P1578 5:32:14.7 -06:36:31 PI-54 P5-81 S3-90

4-322 136 P1543 5:32:14.8 -05:49:24 PI-54 P2-82
4-324, 143 1'1571 362 5:32:14.8 -05:49:48 B 1-34 P 1·54 P2-82
4-174 147 1'1576 IZ 5:32:14.9 -05:46:36 RI-46? PI-52 Hl·53 Pl·54 Rl-56 KI-59 RI-62

P2-82 M2-83 P 1-85
4-93 139 1'1563 V473 347 KiHa76-106 5:32:15.0 -05:14:15 BI-34 HI-53 PI-54 JI-57 K 1-5751-58 KI-59

Bl-63 FI-70 Bl-71 53-71 GI-76 MI-76 K2-79
1'2-82 M2-83 CI-86 J I-SB M3-89 WI-91

4-154 138 1'1553 V398 339 5:32:15.0 -05:42: 0 BI-34 HI-53 PI-54 RI-56 KI-57 Kl-59 Ml.68
M2-68 H3-69 FI-70 BI-71 53-71 GI-76 K2-79
P2-82 M2-83 CI-86 M3-89

5-71 V472 KiHa4-25 5:32:15.7 -00:39:12 H2-53 FI-58 FI-60 GI-65 W2-89
4-56 142 5:32:15.8 -04:57:54 HI-53 P2-82

WBHa 1 5:32:15.9 -06:58:53 W2-91
4-82 148 P1585 368 KiHa76-108 5:32:17.0 -05: 8:45 BI-34 Hl-53 PI-54 RI-62? Bl-71 PI-75 Gl-76

P2-82 M2-83 W1-91
4-90 149 1'1586 XZ 367 KiJla76-109 5:32:17.0 -05: 12:44 1'2-04 HI-23 52-24 B 1-34 RI-46 HI-50 PI-52

HI-53 PI-54 H2-55 Rl-56 RI-62 KI-59 PI-75
K2-79 P2-82 M2-83 JI-88 WI-91

144 V765 KiHa76-107 5:32:17.0 -06:18:59 P2-82 WI-91
V1118 Chanal'. object 5:32:17.4 -05:35:38 A2-84 H4-84 NI-84 PI-87 G2-89 G3-89 H2-89

G2-90 VI-90
WBl1a 2 5:32:17.8 -07: 6:32 W2-91

5-1 5:32:18.0 -02:46:54 H2-53 FI-60 GI-65
4-326 153 V771 5:32:18.7 -06:23: 3 P5-81 P2-82 CI-86 53-90
4-11il 152 PI601 V474 385 Kil1a76-110 5:32:19.0 -05:41: 3 BI-34 HI-53 1'1-54 Kl·57 KI-59 BI-71 53-71

A2-72 GI-76 K2-79 1'2-82 M2-83 WI-91
450 1'1608 394 5:32:19.2 -06: 0:47 BI-34 PI-54 WI-69 AI-74 M2·83 57-83 WI-83

CI-86 HI-88 M3-89
1'1609 5:32:19.3 -06:23:36 53-90

4-44 146 KiHa76-112 5:32:20.0 -04:52:47 HI-53 P2-82 WI-91
4-78 151 1'1599 V5-50 382 KiHa76-111 5:32:20.0 -05: 6:51 BI-34 HI-53 PI-54 RI-62 1'2-82 M2-83 WI-91
4-325 150 5:32:20.2 -06:38:58 P2-82 W2-91
4-328 163 5:32:20.5 -06: 6: 7 P2-82 GI-85

KiHa4-26 5:32:20.7 +02:19:43 W2-89
4-178 157 1'1616 V774 409 5:32:20.8 -05:48:19 61-34 HI-53 PI-54 KI-59 B2-72 GI-76 P2-82

M2-83
4-196 158 119 1'1617 YY 408 KiHa76-113 5:32:20.8 -05:59:53 PI-95* 1'2-04 HI-23 51-24 BI-34 RI-46 111-50

PI-52 HI-53 PI-54 112-55 KI-59 H2-62 RI-62
WI-63 WI-66 WI-69 BI-71 53-71 HI-72 WI-72
AI-74 CI-74 01-75 B2-76 GI-76 Al-77 B2-77
B4-77 HI-77 M4-77 WI-77 K2-78 WI-78 C2-79
GI-80 G2-80 M4-80 WI-80 TI-81 65-82 P2-82
J 1-83 M2-83 W 1-83 A 1-84 Fl-85 K 1-86 M 10-87
111-88 K3-SB M3-89 63-90 W 1-91

4-166 156 1'1614 KK 404 Kil1a76-114 5:32:21.0 -05:44:24 61-34 RI-46 PI-52 HI-53 PI-54 RI.56 KI-59
RI-62? 53-71 B2-72 GI-76 53-80 P2-82 M2-83
PI-85 Al·88 WI-91

Kil1a4-27 5:32:21.4 -02:34:50 W2-89
4-327 159 1'1622 420 5:32:21.5 -05:13: I 61-34 PI-54 P2-l'J2 Jl-SB
4-59 155 5:32:218 -04:59:49 H I-53 K 1-59 1'2-82
4-176 160 1'1625 V400 423 Kilfa76-115 5:32:22.0 -05:48: 0 61-34 H I-53 1'1-54 H2-55 RI-56 K 1-59 RI-69

R3-69 R4-69 GI-76 P2-82 M2-83 PI-85 WI-91
4-228 162 1'1635 V374 KiHa76-116 5:32:22.0 -06:32:22 P2-04 B2-37 PI-52 HI-53 Pl-54 KI-59 RI-62

MI-63 A2-72 62-72 GI-76 1'2·82 M2-83 WI-91
KiHa4-28 5:32:22.2 -00:59:26 W2-89

4-12 154 I' 1611 V773 392 5:32:22.2 -04:37:25 61-34111-53 PI-54 KI-57 81-71 AI-74 GI-76
P2-82 M2-83 CI-86

4-74 164 12ll I' 1648 YZ 422 Kil1a76-117 5:32:252 -05: 5:22 RI-90* P2-04 1'4-04111.2:1 BI-34 RI-46 111-50
112-50 PI-52 111-53 BI-54 1'1-54 RI-56 KI-59
RI-62 61-71 B2-72 1Il-72 01-75 GI-76 C2-79
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TABLE 1. CONTINUEO.

Haro PC IIBC P Name Brun Other RA OEC Referencea

(1) (2)
(1950) (1950)

(10)(3) (4) (5) (6) (7) (8) (9)
4-74 M4·8Q P2-82 M2·83 PI-85 Hl·88 Wl·91

121 P1649 430 BO-51307 5:32:26.0 -05:34:52 BI-34 PI-54 Jl·57 SI-58 81-60 Ll·60 81·68
WI-69 FI-70 81-72 HI-72 P2-73 01-75 82-76
MI-76 CI-77 HI-77 KI-78 C2-79 82-81 M2-83
JI-88 K3-88 VI-88 M3-89

KiHa4-29 5:32:26.1 -00:20:55 W2-89
4-330 166 5:32:26.7 -05:56: 1 P2-82
4-329 165 5:32:27.0 -05:40:55 P2-82 Gl·85
4-333 171 P1667 KO 448 5:32:27.1 -05:33:25 BI-34 Pl·52 PI-54 Rl·56 SI-58 KI-59 WI-69

FI-70 S3-71 BI-72 MI-76 K3-82 P2-82 M2-83
CI-86 A2-88 JI-88

4-332 169 5:32:27.6 -05: 7:25 P2-82 GI-85
4-331 167 5:32:27.7 -05: 2:49 P2-82
4-91 170 123 P1665 KN 445 5:32:28.0 -05:13:25 81.34 RI-46 PI-52 HI-53 PI-54 Rl·56 SI·58

Kl.59 H2-62 Fl·70 81-71 S3-71 A2-72 HI-72
01-75 GI-76 Ml·76 C2-79 K2·79 P2-82 M2-83
B3-88 HI-88 Jl.88 M3-89

4-179 168 P1661 ZZ 446 KiHa76-119 5:32:28.0 -05:48:39 RI-90· PI-95· WI-03 P2-04 P4-04 HI-23 81-34
RI-46 PI-52 HI-53 PI-54 RI-56 KI-59 RI-62
GI-76 P2-82 M2-83 WI-91

4-219 173 P1669 BW KiHa76-1l8 5:32:28.0 -06:25:46 P2-04 SI-24 S2-24 HI-31 HI-50 PI-52 HI-53
PI-54 KI-59 RI-62 MI-63 S3-71 B2-72 GI-76
P2-82 M2-83 PI-85 C3-88 C3-89 WI-91

122 P1659 KM 443 5:32:28.5 -05:25: 8 Rl·46 81-34 PI-52 PI-54 RI-56 SI·58 Kl·59
H2·62 FI-70 S3-71 HI-72 P2-73 MI-76 CI-77
KI-78 C2-79 K2-79 M4-80 K3-82 M2-83 84-85
B4-86 CI-86 AI-88 83-88 Hl·88 JI-88 VI-88
YI-88

4-157 172 124 P1668 KP 451 KiHa76-120 5:32:28.7 -05:43:21 BI-34 RI-46 PI-52 Hl·53 Pl.54 H2·55 Rl·56
KI-59 WI-63 Wl·66 82-72 HI-72 WI-72 01-75
GI-76 C2-79 P2·82 M2-83 HI-88 WI-91

KiHa76-121 5:32:31.0 -04:52: 7 Wl.91
4-188 177 1'1688 BX 459 KiHa76-122 5:32:31.0 -05:56:24 1'2-04 S2-24 BI-25 HI-31 81-34 RI-46 HI-50

PI-52 HI-53 1'1-54 KI-59 GI-76 1'2-82 M2-83
WI-91

1'1691 5:32:31.1 -06:20:25 I'1-54 R2·84 1'5-81 S3-90
4-173 176 1'1687 KT 473 KiHa76-124 5:32:32.0 -05:46:25 BI-34 Rl·46 PI-52 Hl·53 1'1-54 Kl·59 82·72

GI-76 P2-82 M2-83 WI-91
4-197 178 1'1689 KiHa76-123 5:32:32.0 -06: 1:54 HI-53 1'1·54 B2-72 AI-74 1'2-82 M2-83 Wl·91

175 125 1'1684 KR 467 5:32:32.6 -05:24:57 Bl·34 RI-46 H2-50 1'1-52 BI-54 1'1·54 RI-56
SI-58 KI-59 BI-61 H2-62 JI-65 Fl·70 S3-71
Hl.72 1'2-73 01-75 1'1-75 Ml.76 BI-79 C2-79
K3-82 1'2-82 M2.83 Cl·86 AI-88 HI-88 JI-88

Xrayl5a 5:32:32.7 -06: 6:31 S3-90
4-339 187 5:32:32.8 -05:51:20 1'2-82
4-337 183 5:32:32.8 -05:52:44 1'2-82
1-338 185 KiHa76-125 5:32:33.0 -04:34:48 1'2-82 Gl·85 WI-91
4-62 189 I' 1723 V554 496 5:32:33.8 -05: 0:14 BI-34 Hl·53 1'1-54 Kl.59 RI-62 1'3-76 1'2-82

M2-83
4-334 174 I' 1682 461 5:32:34.0 -04:48:38 BI-34 PI-54 1'2-82 GI-85
4-340 188 I' 1721 484 5:32:34.0 -04:51: 2 BI-34 I' 1-54 1'2-82
4-3.15 179 1'16!'2 463 5:32:34.0 -04:51: 2 BI-34 PI-54 1'2-82
4-3.16 182 5:32:34.0 -04:51: 8 P2-82
4-199 184 KiBa76-126 5:32:34.0 -06: 3:18 HI-53 KI-59 1'2-82 WI-91
4-36 180 KiHa76-127 5:32:35.0 -04:50:28 HI-53 GI-76 1'2-82 WI-91
4-38 161 I' 1701 475 KiHa76-128 5:32:35.0 -04:51:16 81-34 HI-53 1'1-54 KI-57 KI-59 1'2-82 M2-83

WI-91
V789 5:32:35.7 -06:32: 7 1'5-81 S3-90

5-2 5:32:36.0 -02:51: 8 H2-53 FI-60 G 1-65
4-43 186 1'1710 DY 469 KiHa76-129 5:32:36.0 -04:52:48 1'2-04 S2-24 HI-31 BI-34 RI-46 PI-52 HI-53

PI-54 RI-56 1'2·82 M2-83 WI-91
41'"0) 1'1724 490 5:32'36.5 -05:10: 7 BI-34 1'1-54 SI·58 WI-69 FI-70 81-72 1'1-75.,-

82-76 MI-76 CI-77 82-81 M2-83 Cl·86 HI-88
JI-88 VI-88 M3-89

St46 5:32:37.0 -00:56:27 S8-86
Killa76-130 5:32:38.ll -05:36:23 WI-91

194 12n I' 1746 LL 510 5:32:38.1 -05'27:14 BI-34 Rl·46 1'1-52 1'1·54 SI-58 KI-59 WI-60
H2-62 JI-65 KI-68 WI-69 FI-70 HI-72 1'2-73
KI-74 01-75 MI-76 UI-79 C2-79 82-81 810-82
K3-82 1'2-82 M2-83 WI-83 CI-86 AI-88 HI-88
J 1-88 VI-88 YI-88

4-:1-1:1 1!l3 5::12:38.3 -06:14.8 1'2-82 GI-85
4-175 200 I' 1756 V482 514 5:32.38.9 -05:47:20 81-34 HI-53 1'1-54 KI-57 KI-59 A2.72 82-72

Gl.76 1'2-82 M2-83 CI-86
4-14:1 207 1'1767 1,0 524 5:32:39.0 -05:38:56 BI-34 RI-46 1'1·52 HI-53 1'1·54 RI-56 KI-59

GI-76 K2-79 1'2-82 M2-83 CI-86 JI-88
4-1:10 205 I' 1765 LM 533 5:32:39.1 -05:33:38 81-34 RI-46 1'1-52 HI-53 1'1-54 RI-56 SI-58

KI-59 FI-70 1'3-76 1'2-82 M2-83 JI-88
4-1:14 199 PI755 V982 525 5:32:39.1 -05:35:26 81-34 HI-53 1'1-54 RI-56 SI-58 KI-59 GI-76

1'2-82 M2-83 JI-88
196 V408 5:32:39.1 -05:35:50 KI-59 RI-62 1'2-82 1'1-85

4-:1-14 In5 I' 1747 505 5:32:39.2 -05:29: 8 TI-31 BI-34 1'1-54 1'2-82 M2-83 JI-88
4-:142 192 I' 17:15 494 5:32:39.6 -05: 11 :26 B 1-34 I' 1-54 1'2-82 G 1-85
4-:141 191 I' 1734 503 5:32:39.8 -05: 0:44 81-34 PI-54 1'2-82 GI-85
4-7 197 Pl752 V481 509 Killa76-131 5:32:40.0 -04:29:46 BI-34 111-53 1'1-54 KI-57 KI-59 81-71 AI-74

GI-76 1'2-82 M2-83 M3-89 WI-91
4-28 198 PI753 V555 507 Killa76-132 5:32:40.0 -04:48:47 81-34 BI-53 1'1-54 KI-59 Rl·62 GI-76 1'2·82
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC References

Cl) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
4-28 M2-83 Wl-91

190 P1733 495 5:32:40.0 -04:50:32 Bl-34 PI-54 Rl-56 Kl-59 P2-82
202 P1761 513 5:32:40.1 -04:43: 2 BI-34 Pl-54 P2-82
206 128 P1766 LN 532 5:32:40.7 -05:34:38 Bl-34 RI-46 H2-50 Pl-52 Pl-54 Rl-56 KI-59

HI-72 01-75 P2-82 M2-83 HI-88 JI-88
4-55 204 V556 Killa76-134 5:32:41.0 -04:59: 6 Hl-53 Rl-62 GI-76 P2-82 Wl-91
4-345 203 KiHa76-133 5:32:41.0 -05:55:37 P2-82 Gl-85 WI-91
4-6 201 127 P1760 8Y 515 KiHa76-135 5:32:41.6 -04:29:34 Rl-90* PI-95* P2-04 P4-04 Hl-23 81-24 82-24

BI-34 Rl-46? 81-50 Pl.52 81-53 PI-54 82-55
Rl-56 Kl-59 82-62 Rl.62 WI-63 WI-66 Bl-71
81-72 Wl-72 Al.74 CI-74 GI-76 AI-77 M4-77
BI-79 C2-79 M4-80 Tl-81 P2-82 81-88 M3-89
WI-91

KiHa4-30 5:32:41. 7 -00:56:44 W2-89
208 129 P1773 V356 522 5:32:41.7 -05:31:53 BI-34 Rl.46 H2-50? PI-52 Bl-54 Pl-54 Rl-56

Kl-57 81-58 Kl-59 82.62 FI-70 BI-71 83-71
81-72 Ml-76 C2-79 K3-82 P2-82 M2-83 87-83
Al.88 81-88 Jl-88 M3-89

WBHa3 5:32:41. 7 -07:26:15 W2-91
4-346 210 P1788 539 KiHa76-136 5:32:42.0 -06: 0:11 BI-34 PI-54 AI-74 P2-82 WI-91

WBHa 4 5:32:42.2 -07:10:42 W2-91
453 P1784 LQ 536 5:32:43.2 -05:25:38 BI-34 Pl-52 PI-54 81-58 KI-59 FI-70 P2-73

MI-76 K3-82 M2-83 CI-86 85-86 AI-88 Hl-88
Jl-88

4-180 209 130 P1787 AA 543 Ki8a76-137 5:32:43.4 -05:48:28 Rl-90* Pl.95* Wl-03 P2-04 P4-04 81-23 BI-34
RI-46 HI-50 H2-50 PI-52 HI-53 Pl-54 Kl-59
82-62 Bl-71 A2-72 81-72 01-75 Gl-76 C2-79
M4-80 P2-82 M2.83 87-83 CI-86 81-88 M3-89
WI-91

WBHa 5 5:32:43.8 -07:23:26 W2-91
WBHa 6 5:32:43.9 -07:18:56 W2-91

4-351 225 5:32:44.1 -06:26:39 P2-82
4-349 216 5:32:44.3 -06:15:21 P2-82 GI-85
4-350 223 5:32:44.3 -06:16:33 P2-82 Gl-85
4-347 211 P1797 534 KiHa76-139 5:32:45.0 -04:44:52 BI-34 PI-54 RI-62? P2-82 WI-91
4-149 220 P1846 LY 572 5:32:45.0 -05:40:57 BI-34 PI-52 81-53 PI-54 RI-56 KI-59 RI-62

BI-71 83-80 P2-82 M2-83 CI-86 AI-88 Jl-88
454 P1807 LV 551 5:32:45.1 -05:25:38 Bl-34 Pl-52 Pl-54 81-58 KI-59 FI-70 Ml-76

K3-82 M2-83 85-l'l4 Cl-86 85-86 Al-88 81-88
Jl-88

4-348 212 PI801 556 5:32:45.1 -05:33:45 BI-34 PI-54 81-58 FI-70 MI-76 P2-82 M2-83
Jl-88

4-126 214 P1809 LW 5:32:45.2 -05:32:21 RI-46? Pl-52 81-53 PI-54 Rl.56 81-58 Kl-59
P2-82 Al.88 JI-88

4-170 215 131 P1811 V486 553 KiHa76-138 5:32:45.3 -05:45:13 Bl-34 81-53 Pl-54 KI-57 KI-59 BI-71 83-71
A2-72 81-72 01.75 Gl-76 C2-79 P2-82 M2-83
87.83 Cl-86 81-88 WI-91

4-85 213 P1805 V557 559 5:32:45.6 -05:11: 3 BI-34 Hl-53 Pl-54 Kl-59 Rl-62 A2-72 Gl-76
P2-82 M2-83 Pl-85 JI-88

4-150 219 133 P1828 LX 563 Ki8a76-140 5:32:45.9 -05:41:29 Bl.34 Pl-52 81-53 PI-54 Kl-59 H2-62 BI-71
81-72 P2-73 CI-74 01-75 GI-76 KI-78 C2-79
M4-80 83-80 P2-82 M2-83 AI-88 81-88 Yl-88
M3-89 WI-91

4-128 218 134 P1827 V488 561 KiHa76-141 5:32:46.3 -05:32:51 Bl-34 RI-46 81-53 PI-54 JI-57 KI-57 81-58
Kl·59 82-62 FI-70 BI-71 83-71 81.72 Ml-76
M4-80 K3-82 P2-82 M2-83 AI-88 81·88 Jl-88
M3-89 Wl-91

Ki8a4-31 5:32:46.5 -00:18:45 W2-89
WBHa7 5:32:46.8 -06:48:59 W2-91

132 PI817 555 5:32:46.9 -04:46:37 BI-34 Rl-46 Pl-54 WI-69 FI-70 Bl·72 81.72
M2-76 Kl-78 C2-79 M4-80 89-83 810-83 R2-84
Cl-86 81-88 YI-88 M2.83 M3-89

4-10 217 P1816 V487 554 KiHa76.142, 5:32:47.0 -04:35:20 Bl-34 81-53 Pl-54 KI-57 BI-71 Al-74 Gl-76
IRA805328- 0435 P2-82 M2-83 Wl.91

4-186 222 PI850 BZ 586 Ki8a76-143 5:32:47.0 -05:54: 2 P2-04 82-24 B 1-25 81-31 Bl-34 Rl-46 81-50
PI-52 81-53 Pl-54 Kl-59 Bl-71 P2-82 M2-83
WI-91

WBHa 8 5:32:47.0 -07: 7:15 W2-91
5-72 V483 KiHa4-32 5:32:47.1 -00:44: 7 H2-53 FI-58 FI-60 GI-65 W2-89
4-169 221 135 P1848 AB 574 KiHa76-144 5:32:47.2 -05:45:11 PI-95* 81-98* P2-04 81.23 Bl-34 RI-46 81·50

PI-52 81-53 PI-54 KI-59 82-62 Rl-62 BI-71
83-71 A2-72 81-72 01-75 GI-76 C2-79 M4-80
P2-82 M2-83 Cl-86 M9-87 81-88 WI-91

WBHa9 5:32:47.5 -06:49:15 W2-91
WB HalO 5:32:48.3 -06:54:16 W2-91

4-353 237 5:32:48.3 -07:56:21 P2·82
P1865/c 587/c VI016/c, 5:32:48.4 -05:25: 8 13-88 B7-89

8037020/c
455 PI869 591 5:32:48.5 -05:25:43 BI-34 Pl-54 81-58 FI-70 MI-76 K3-82 M2-83-

85-84 85-86 C3-87 81-88 Jl·88
224 136 P1856 TT 558 Ki8a76-145 5:32:48.6 -04:47:38 RI-90* PI-95* Wl-03 P2-04 P4-04 81-23 81-24

Bl-34 Rl-46 PI-52 Pl-54 RI-56 KI-59 82-62
81-7283-71 C2-79 K2.79 P2-82 M2-83 81-88
M3-89 Wl-91

P1863/c 595/c BM/c, 5:32:48.7 -05:25: 0 12-88 A3-89
8037021/c

5-4 5:32:49.0 -02:49:45 82-53 FI-58 Kl-59 FI-60 GI-65
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TABLE 1. CONTINUED.

Hara PC HBC P Name Brun Other RA DEC References

(I) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(10)(8) (9)
4-23 226 PI882 V559 571 KiHa76-146 5:32:49.0 -04:46:46 BI.34 HI·53 PI·54 KI·59 RI·62 BI·71 K2·79

P2.82 M2·83 Wl.91
456 PI885 MR 604 5:32:49.4 -05:23:39 BI·34 GI-46 PI·52 PI·54 SI·58 KI·59 FI-70

P2·73 B2-76 MI·76 B2·81 M2·83 H5-86 AI·88
HI·88 JI-88

457 PI884 AE 615 5:32:49.7 -05:23:25 HI·82· PI-95· PI·04 P3-04 P4-04 HI-23 BI-34
PI-52 PI·54 SI-58 KI·59 FI·70 MI·76 K3-82
M2·83 H5·86 AI-88 HI.88 JI.88

137 PI909 AD 617 5:32:49.8 -05:24:29 HI·82· PI-95· PI-04 P4·04 BI-34 H2-50 PI-52
PI-54 SI-58 KI-59 FI-70 HI-72 C2-79 TI-81
K3-82 M2·83 CI-86 H5-86 AI·88 HI·88 JI-88

243 V795 5:32:49.9 -06:34:45 P2-82
WBHa11, 5:32:49.9 -06:49: 9 WI-91 W2-91
KiHa76-147
St47 5:32:50.0 -01:13:10 S8-86 DI-88

4-49 228 KiHa76-149 5:32:50.0 -04:55:39 HI-53 P2-82 WI·91
4-352 235 5:32:50.2 -06:19:21 P2-82

458 PI910 MT 622 5:32:50.4 -05:24:39 BI-34 PI-52 PI·54 SI·58 FI-70 P2-73 PI-75
MI.76 K3-82 M2-83 CI-86 H5-86 C3-87 AI-88
HI-88 JI-88

KiHa4-33 5:32:50.6 -00:45: 2 W2-89
4-191 227 5:32:50.6 -05:58:27 HI-53 P2-82

Xrayl5d 5:32:50.6 -06: 7: 9 S3-90
459 PI925 627 5:32:50.8 -05:24:31 BI·34 PI-54 SI-58 FI-70 MI.76 K3-82 M4-82

M2-83 H5-86 C3-87 HI-88 JI-88
4-156 229 PI916 611 5:32:50.9 -05:42:39 BI-34 HI-53 PI-54 P2-82 M2·83
4-161 230 PI917 V411 634 5:32:50.9 -05:44: 3 BI-34 HI-53 PI-54 H2-55 RI-56 KI-59 GI-76

P2-82 M2-83
4-165 231 PI929 635 5:32:50.9 -05:44:21 TI-31 BI-34 HI-53 PI-54 KI-57 Kl-59 BI-71

A2-72 GI.76 P2·82 M2-83 M3-89
4-194 233 138 PI931 637 KiHa76-148, 5:32:50.9 -06: 0:20 BI-34 HI-53 PI-54 WI-63 WI-66 WI-69 BI-72

IRAS05328-0600 B2-72 HI-72 AI-74 CI-74 DI-75 C2·79 M4-80

5-3
TI-81 P2-82 M2-83 HI-88 K3-88 WI-91

KiHa76-152? 5:32:51.0 -02:52: 3 H2-53 FI-60 GI-65 Wl-91?
4-144 236 PI942 V412 5:32:51.0 -05:39:27 HI-53 PI-54 RI-56 KI-59 GI-76 P2-82 M2-83

JI-88
4-183 232 PI930 V793 640 KiHa76-151 5:32:51.0 -05:51:31 TI-31 BI-34 HI-53 PI·54 Kl-59 B2-72 GI·76

P2·82 M2-83 WI·91
4-193 234 KiHa76-150 5:32:51.0 -06: 0:20 HI-53 H2-55 WI-72 P2-82 WI·91

460 PI922 MV 628 5:32:51.1 -05:22:27 TI.31 BI·34 PI·52 PI-54 SI-58 FI-70 P2-73
MI-76 K3-82 M2·83 H5-86 AI-88 HI-88 JI-88

4-50 241 PI951 V414 654 5:32:51.9 -04:55:57 BI-34 HI-53 PI-54 RI-56 KI-59 BI-71 GI-76
K2·79 P2·82 M2·83

4-19 240 PI948 CD 648 5:32:52.1 -04:43:57 P2-04 HI-23 S2-24 BI-34 HI-50 PI-52 HI-53
PI-54 R1·56 KI-59 BI-71 S3-71 P2-82 M2-83

KiHa4-34 5:32:52.2 -00:45:18 W2-89
WBHal2 5:32:52.6 -07:22: 6 W2-91

461 PI937 TU 643 5:32:52.7 -05:22:50 PI-95· HI-82· SI-98· P3-04 BI-IO HI-23 Bl-34
GI-46 RI-46 H2·50 PI-52 PI-54 SI-58 KI-59
H2-62 JI-65 WI-69 FI·70 P2-73 MI-76 B2-81
K3-82 M2-83 CI-86 H5-86 J2-86 AI.88 HI-88
Jl·88

4-224 248 KiHa76-153 5:32:53.0 -06:29:18 HI-53 KI-59 P2·82 WI-91
WBHal3 5:32:53.3 -06:45:59 W2-91

462 PI953 MX 653 BD-51317 5:32:53.5 -05:11: 9 Bl-34 PI-52 PI-54 JI-57 SI.58 KI-59 LI-60
S2·62 JI-65 BI-68 WI-69 FI·70 BI-72 CI-73
C3-73 G3-74 PI-75 B2-76 MI-76 M2-76 CI-77
W2-77 S3-80 B2-81 MI-82 M2-83 WI-83 KI-85
AI-88 HI-88 JI.88 VI-88 M3-89

463 PI955 656 5:32:53.6 -05:14: 6 BI-34 PI-54 JI-57 SI-58 BI-60 LI-60 Bl-68
WI-69 FI-70 P2-73 MI-76 M2-76 CI-77 K3-82
M2-83 S9-83 SIO-83 R2·84 CI-86 HI-88 JI-88
M3-89

4-79 242 PI952 V415 662 KiHa76-154, 5:32:54.0 -05: 8:55 BI-34 HI·53 PI-54 RI·56 KI-57 KI·59 BI-71
IRAS05329-0508 S3-71 PI·75 GI-76 P2·82 M2·83 WI-91
KiHa76-157 5:32:54.0 -05:36:53 WI-91

4-160 247 PI979 V416 680 KiHa76-155 5:32:54.0 -05:44: 6 Bl-34 Hl-53 P1·54 Rl-56 Kl-59 Rl-62 GI-76
P2-82 M2-83 W1.91

4-8 239 139 P1946 V1007 KiHa76-156 5:32:54.3 -04:30:44 HI-53 PI-54 H2·55 KI-59 RI.62 W1·63 WI-66
HI-72 Wl-72 A1·74 P2-82 M2-83 H1·88 WI-91

WBHal4 5:32:54.3 -06:47:24 W2-91
WBHal5 5:32:54.3 -06:49: 9 W2-91

4-137 246 140 PI977 AG 673 KiHa76-158 5:32:54.4 -05:36:40 WI-03 P2-04 HI·23 BI-34 RI·46 HI-50 H2-50
PI-52 HI-53 PI·54 RI-56 SI-58 KI-59 H2-62
FI-70 BI-71 HI-72 GI-76 C2-79 P2-82 M2-83
Hl-88 JI-88 WI-91

4-2 238 PI945 V561 639 KiHa76-159 5:32:55.0 -04:19: 7 BI-34 Hl·53 PI-54 RI-62 AI-74 P2-82 WI-91
KiHa76-160 5:32:55.0 -05:54:30 WI-91

465 PI996 684 5:32:55.1 -05:53: 0 BI-34 PI-54 BI-68 WI-69 FI-70 MI-76 M2-83
57·8359-83510·83 R2.84 Cl-86 Hl-88 M3-89

WBHal6 5:32:55.8 -07: 8: 9 W2-91
4-357 253 5:32:56.3 -06:14:51 P2-82 GI-85

KiHa4·35 5:32:56.4 -01:27:23 W2-89
4-359 257 5:32:56.6 -05:59:33 P2-82
4-356 252 5:32:56.7 -05:54:51 P2-82
4-355 250 PI997 5:32:56.7 -05:55:39 PI-54 P2·82
4-42 249 P1987 675 KiHa76-163 5:32:57.0 -04:53:12 BI-34 HI·53 PI.54 P2-82 M2·83 WI·91
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC Referencea

(l) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
4-92 251 P2000 NO 704 KIHa76-162 5:32:57.0 -05:13:51 BI-34 RI-46 PI-52 HI-53 PI-54 H2-55 RI-56

KI-59 B2-72 GI-76 K2-79 P2-82 M2-83 PI-SS
WI-91

4-354 245 P1976 MZ 667 5:32:57.1 -05:33: 9 BI-34 RI-46 PI-52 PI-54 RI-56 SI-58 KI-59
Fl·70 P2-82 M2-83 AI-88 JI-88

4-358 255 P2022 V417 706 5:32:57.2 -05:32: 9 BI-34 PI-54 Rl.56 SI-58 KI-59 FI-70 MI-76
P2-82 CI-86 JI-88

WBHa17 5:32:57.7 -07:10:27 W2-91
4-53 254 P2019 V563 699 5:32:57.8 -04:57:57 BI-34 HI-53 PI-54 Kl·59 Rl·62 B2-72 GI-76

P2-82 M2·83 PI-85 M4-88
4-198 258 142 P2039 NS 709 5:32:57.8 -06: 3:39 BI-34 Rl·46 PI-52 HI-53 PI-54 H2-55 KI-59

RI-62 WI-63 WI-66 RI-69 R3-69 R4-69 BI-71
HI-72 WI-72 AI-74 01-75 GI-76 AI-77 C2-79
M4-80 AI-81 P2-82 M2-83 Pl·85 HI·88

4-33 244 668 5:32:58.0 -04:50:15 BI-34 HI-53 P2-82
466 P2006 AH 696 IRAS05329- 0512'1 5:32:58.0 -05:11:42 P2-04 GI-20 HI-23 SI-24 BI-34 GI-46 RI-46

H2-50 PI-52 PI-54 RI-56 SI-58 KI-59 H2-62
Rl·62 KI-64 JI-65 FI-70 S3-71 PI-75 MI-76
S3-80 M2-83 AI-88 HI-88 JI-88 M3-89 J6·90
W2-90

KiHa76-165 5:32:58.0 -05:47:37 WI-91
KiHa76-164 5:32:58.0 -06: 3:39 WI-91
WBHal8 5:32:58.1 -07:15:19 W2-91
KiHa4-36 5:32:58.4 -00:24:59 W2.89

467 P2020 NP 698 IRAS05329-0512'1 5:32:58.5 -05:10:33 BI-34 PI-52 PI-54 RI-56 SI-58 KI-59 RI-62
WI-69 FI-70 S3-71 BI-72 PI·75 MI-76 K2-79
M2-83 S7-83 WI-83 CI-86 Hl·88 JI-88 M3-89
W2-90

468 P2032 AK 715 5:32:58.9 -05:27:33 SI-98· HI-82· P2-04 BI-I0 01-14 GI-22 HI-23
BI-34 RI-46 H2-50 PI-52 PI-54 SI-58 KI-59
FI-70 S3-71 P2-73 MI-76 M2-83 CI-86 AI-88
HI-88 JI-88

4-89 256 141 P2029 Al 708 IRAS05329-0512? 5:32:59.1 -05:13: 0 P2-04 GI-20 HI-23 SI-24 TI-31 BI-34 RI-46
H2-50 PI-52 HI-53 PI-54 RI-56 SI-58 KI-59
H2-62 RI-62 Fl.70 Bl.71 S3-71 B2-72 HI-72
P2-73 CI-74 PI-75 MI-76 B2-81 P2-82 M2-83
HI-88 JI-88 M3-89 J6-90 W2-90

4-241 265 P2060 NT KiHa76-166 5:32:59.2 -06:49:49 PI-52 HI-53 PI-54 KI-59 RI-62 MI-63 S3-71
A2-72 B2-72 GI-76 P5-81 P2"82 M2-83 PI-85
S3-90 WI-91 W2-91

4-360 259 5:32:59.4 -03:34:45 P2-82
KiHa4-37 5:32:59.7 -01:13:56 W2-89

4-361 260 P2042 V418 705 KiHa76-168 5:33: 0.0 -04:50: 9 BI-34 PI-54 RI-56 KI-59 P2-82 Wl·91
4-87 261 P2045 V419 KiHa76-167, 5:33: 0.0 -05:12: 7 HI-53 PI-54 RI-56 KI-59 B2-72 GI-76 S3-80

IRAS05329- 0512'1 P2-82 M2-83 JI-88 J6-90 WI-91
V801 lRAS05329- 0628 5:33: 0.5 -06:28:40 TI-86 W5-86 W5-88 S5-89 S7-89 W4-89 M4-90

MI-91 M2-91
4-363 269 V564 KiHa76-170 5:33: 1.0 -06:11:31 RI-62'1 P2·82 WI-91
4-364 270 V798 KiHa76-171 5:33: 1.0 -06:16: 7 P2-82 GI-85 WI-91

KiHa76-169 5:33: 1.0 -06:21:34 WI-91
469 P2057 726 5:33: 1.3 -05: 7:57 BI-34 PI-54 WI-69 BI-72 M2-83 WI-83 fIl-88

4-195 268 KiHa76-172 5:33: 1.5 -06: I: 6 HI-53 KI-59 A2-72 GI-76 P2-82 S3-90 WI-91
KiHa4-38 5:33: 1.8 -02:37: 0 W2-89
KiHa76-173 5:33: 2.0 -05:51 :41 WI-91

4-369 283 5:33: 2.0 -06:30:46 P2-82
4-368 282 5:33: 2.1 -06:24:46 P2·82 GI-85
4-362 264 5:33: 2.3 -06:17:28 P2-82 GI-85
4-366 275 5:33: 2.8 -06:45:57 P2-82 W2-91
4-51 266 143 P2066 AL 737 KiHa76-175 5:33: 2.9 -04:57:10 P2-04 HI-23 S2-24 BI-34 RI-46 PI-52 HI-53

PI-54 H2-55 RI-56 KI-59 RI-62 WI-66 WI-69
S3-71 BI-72 B2-72 HI-72 WI-72 GI-76 C2-79
K2-79 P2-82 M2-83 WI-83 HI-88 WI-91

4-164 263 P2059 758 5:33: 2.9 -05:44:40 BI-34 HI-53 PI-54 KI-59 A2-72 GI-76 P2-82
M2-83

4-365 274 P2078 V498 755 KiHa76-174 5:33: 3.0 -05:50:37 BI-34 PI-54 01-58 HI-62 RI-62 MI-66 MI-68
H3-69 BI-71 S3-71 P2-82 M2-83 S7-83 WI-91

4-109 273 P2075 753 5:33: 3,4 -05:20:46 BI-34 HI-53 PI-54 KI-57 SI-58 KI-59 BI-63
WI-69 FI-70 MI-76 K3-82 P2-82 M2-83 WI-83
CI-86 JI-88

470 HH34/source 5:33: 3.7 -06:28:53 R2-86 HI-88
4-54 267 P2067 743 5:33: 3.8 -04:59: 4 BI-34 .11-53 PI-54 KI-59 B2-72 GI-76 P2-82

M2-83
4-37 262 P2055 723 5:33: 3.9 -04:51:40 BI-34 BI-53 PI-54 B2-72 P2-82 M2-83
4-27 271 P2071 V565 739 KiHa76-179 5:33: 4.0 -04:48:50 BI-34 HI-53 PI-54 KI-59 RI-62 P2-82 M2-83

WI-91
4-77 272 P2072 V422 752 KiHa76-177 5:33: 4.0 -05: 6:54 BI-34 RI-46 HI-53 PI-54 H2-55 RI-56 KI-59

R2-69 GI-76 P2-82 M2-83 PI-85 WI-91
KiHa76-178 5:33: 4.0 -05:20:49 WI-91

4-367 278 KiHa76-176 5:33: 4.0 -06:13:58 P2-82 WI-91
4-17 279 5:33: 4.1 -04:42:16 HI-53 K I-59 GI-76 P2-82

471 P2086 NV 767 BO-5 1324 5:33: 4.1 -05:35: I SI-78· BI-34 PI-52 PI-54 Jl-57 SI-58 KI-59
SI-62 S2-62 JI-65 BI-68 LI-68 WI-69 FI-70
S2-72 CI-73 C3-73 P2-73 G3-74 82-76 MI-76
B4-77 CI-77 W2-77 B2-81 M2-83 B3-84 KI-85
fIl-88 JI-88 VI-88 M3-89

4-84 277 144 P2084 V360 757 KiHa76-180 5:33: 4.2 -05: 11 :20 GI-22 BI-34 RI-46'1 PI-52 HI-53 PI-54 H2-55
RI-56 KI-57 SI-58 KI-59 112-62 WI-69 FI-70

26



TABLE 1. CONTINUED.

Harn PC HBC P Name Brun Other RA DEC Referencetl

_(I) (2) (3)
(1950) (1950)

(IO)(4) (5) (6) (7) (8) (9)
4-84 BI-71 53-71 A2-72 BI-72 HI-72 CI-74 01-75

PI-75 B2-76 GI-76 MI-76 B4-77 KI-78 C2-79
M4-SO P2-82 M2-S3 WI-S3 11-87 HI-S8 J1-SS
K3-S8 M3-89 Wl-91

472 HH34!IR55 5:33: 4.6 -06:28:37 R2-86 H1-SS
4-22 276 P2081 756 KiHa76-181 5:33: 5.0 -04:45:52 Bl-34 Hl-53 PI-54 Kl-57 Bl-71 P2-82 M2-S3

M3-89 Wl-91
4-25 280 P2092 754 KiHa76-184 5:33: 5.0 -04:48:17 Bl-34 Hl-53 PI-54 Kl-59 GI-76 P2-82 M2-S3

Wl-91
KiHa76-182 5:33: 5.0 -05:33: 3 Wl-91

4-239 286 145 P2105 TW KiHa76-183 5:33: 5.2 -06:47:10 W1-03 H1-04 P2-04 Hl-50 PI-52 Hl-53 PI-54
Kl-59 Rl-62 MI-63 53-71 A2-72 B2-72 HI-72
Gl-76 C2-79 M4-80 Al-81 P2-82 M2-S3 H1-SS
Wl-91 W2-91

WBIIal9 5:33: 5.3 -07: 3:55 W2-91
4-26 281 P2093 V423 768 KiHa76-185 5:33: 6.0 -04:48:47 Bl-34 Hl-53 PI-54 Rl-56 Kl-59 Gl-76 P2-82

M2-S3 Wl-91
KiHa76-186 5:33: 7.0 -06:16:24 Wl-91

P2127 5:33: 7.0 -06:54:30 PI-54 P5-81 53-90
4-111 2SS 146 P2111 AM 789 KiHa76-1SS 5:33: 7.7 -05:23:19 P2-04 B1-10 Hl-23 Bl-34 Rl-46 Hl-50 H2-50

PI-52 Hl-53 PI-54 Rl-56 51-58 Kl-59 H2-62
Fl-70 Hl-72 Ml-76 Bl-79 C2-79 M4-SO P2-82
M2-S3 H1-S8 J1-S8 Wl-91

WBHa20 5:33: 7.9 -06:41:24 W2-91
4-1 284 KiHa76-187 5:33: 8.0 -04:18:13 Hl-53 Kl-59 Gl-76 P2-82 Wl-91
4-371 287 P2109 781 KiHa76-190 5:33: 8.0 -04:53:13 Bl-34 PI-54 P2-82 Wl-91

292 148 P2119 NY KiHa76-189 5:33: 8.4 -05:14:16 H2-50 PI-52 PI-54 Rl-56 51-58 Kl-59 Fl-70
Hl-72 P2-73 P2-82 M2-83 A1-SS H1-S8 J1-SS
H2-89 Wl-91

4-370 285 5:33: 8.4 -06: 8:46 P2-82 Gl-85
4-67 290 147 P2115 TV 785 KiHa76-191 5:33: 8.6 -05: 3: 8 Pl-95- 51-98- W1-01 W1-03 P2-04 Hl-23 H2-23

51-24 Bl-34 Gl-46 Rl-46 Hl-50 PI-52 Hl-53
PI-54 Rl-56 Kl-59 Rl-62 Jl-65 WI-69 Bl-71
53-71 HI-72 B2-76 Gl-76 B4-77 Kl-78 C2-79
M4-SO P2-82 M2-83 W1-S3 H1-S8 K3-S8 Y1-SS
M3-89 Wl-91

4-372 289 5:33: 8.6 -06: 0:52 P2-82
WBHa21 5:33: 8.9 -07:16:47 W2-91

4-133 295 P2123 V568 794 KiHa76-192 5:33: 9.0 -05:36: 3 BI-34 Hl-53 PI-54 Rl.62 P2-82 M2-S3 J1-S8
WI-91

4·129 294 P2122 821 5:33: 9.1 -05:33:28 Bl-34 Hl-53 PI-54 P2-82 M2-S3 J1-S8
4-73 291 P2116 V424 788 5:33: 9.7 -05: 6: 4 Bl-34 Hl-53 PI-54 Rl-56 Kl-59 Gl-76 P2-82

M2-S3
KiHa4-39 5:33: 9.9 +00:51:28 W2-89
5t48 5:33:10.0 -00:36:24 51>-86

4-ti3 297 KiHa76-193 5:33:10.0 -05: 1:33 HI-53 Gl-76 P2-82 Wl-91
4-373 296 KiHa76-194 5:33:11.0 -06:25:18 P2-82 Gl-85 Wl-91

473 1'2143 808 5:33:11.3 -05:10:48 BI-34 PI-54 51-58 Jl-65 Wl-69 FI-70 Pl-75
MI-76 M2-S3 W1-S3 Hl-88 JI-88

4-11 293 KiHa76.195, 5:33:12.0 -04:37:10 Hl-53 GI-76 P2-82 WI-91

4-52
IRA505332-0437

298 1'2141 800 KiHa76-196 5:33:12.0 -04:57:35 BI-34 Hl-53 PI-54 P2-82 M2-S3 Wl·91
4-374 299 KiHa76-197 5:33:13.0 -05:59:55 P2-82 WI-91
5-73 V499 KiHa4-40 5:33:13.3 -00:59:44 H2·53 FI·58 Fl-60 Gl-65 W2-89
4-376 308 5:33:14.1 -06:23:35 P2-82 Gl·85

WBHa22 5:33:14.3 -07:22:27 W2-91
4-5 300 149 1'2152 BO 810 5an3, 5:33:14.6 -04:26:47 Bl-21 BI-34 Hl-50 PI-52 Hl-53 PI-54 Rl-56

KiHa76-198 Kl-59 WI-69 51-71 53-71 Bl-72 B2.72 Hl-72
GI-76 Al-77 M4.77 C2-79 M4-SO P2-82 M2-S3
WI-S3 CI.86 HI-88 K3-S8 M3-89 WI-91

301 150 1'2167 AN 831 5:33:14.6 -05:30: 4 51-78- P2-04 BI-10 Gl-22 Hl-23 Cl-30 C2-31
BI-34 C2-35 C2-36 01-40 Gl-46 Rl-46 J2-49
H2-50 PI-52 BI-54 PI-54 LI·56 51-58 KI-59
H2-62 Jl-65 KI-66 Kl-68 Fl-70 53-71 Hl-72
P2-73 Ml-76 KI-78 M4-80 K3-82 P2·82 M2.S3

4-216
M3-84 Cl-SB 11-87 A1-S8 H1-SS Jl-88 Vl-88

306 474 1'2186 V571 KiHa76-199 5:33:14.7 -06:24:38 Hl-53 PI-54 KI-59 RI-62 Ml-63 A2-72 B2-72
Gl.76 P2-82 M2-S3 PI-85 Rl-85 R2-85 Hl-88
C2-90 53-90 Yl-90 Wl-91

WBIIa23 5:33:14.9 -07: 9:29 W2-91
475 1'2172 V569 834 5:33:15.5 -05:11: 9 BI·34 PI-54 51-58 DI-61 RI-62 Ml-66 MI-58

H3-69 WI·69 FI-70 BI-71 53-71 PI·75 B2-76

4-32
MI-76 53-80 M2-S3 W1-S3 AI-88 HI-88 JI-88

302 1'2170 01' 842 KiHa76·201 5:33: 16.0 -04:49:56 BI-34 RI-46 P1·52 Hl-53 PI-54 H2-55 RI-56
Kl-59 G1·76 P2·82 M2-S3 WI-91

4-76 303 1'2171 AO 839 KiHa76-200 5:33:16.0 -05: 7:33 P2·04 Hl·23 82-24 Bl-34 Rl-46 PI-52 Hl-53
1'1-54 RI-56 Kl-59 R1·62 Bl-71 PI-75 GI-76
K2-79 P2-82 M2-S3 Wl-91

4-375 304 1'2177 825 5:33: 16.1 -04:45:23 B 1-34 PI-54 P2-82 G 1-85
4-la 307 KiHa76·205 5:33:16.6 -04:15:23 HI-53 P2-82 WI-91

WBIIa24 5:33: 16.6 -07:14: 6 W2-91
4-2:11 312 151 V573 KiHa76-202, 5:33:16.7 -06:36:43 HI-53 KI-59 Rl-62 MI-63 A2-72 HI.72 DI-75

IRA505332-0637 GI-76 C2·79 AI-81 P2-82 TI-86 H1-S8 57.89
W2-90 WI-91 W2.91

Xray23 5:33: 16.7 -07: 3:46 53-90
4-81 305 476 1'2181 V500 850 5:33:17.1 -05: 9: 9 BI-34 HI-53 PI-54 Kl-57 WI-69 BI-72 B2-72

PI·75 GI·76 K2-79 P2·82 M2-S3 WI-83 Cl-SB
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Haro PC HBC P Name Brun Other RA OEC References

Cl) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
4-81 HI-88 M3-89

WBHa25 5:33:17.4 -07: 8:56 W2-91
WBHa26 5:33:17.5 -07:22:37 W2-91

4-377 309 P2199 852 KiHa76-204 5:33:18.0 -05:22:28 BI-34 PI-54 SI-58 P3-76 P2-82 Jl-88 Wl-91
4-378 310 P2201 859 KiHa76-203 5:33:18.0 -05:52:54 BI-34 PI-54 P2-82 M2-83 CI-86 M3-89 Wl-91

WBHa27 5:33:18.8 -07:22: 0 W2-91
WBHa28 5:33:19.2 -07:18:42 W2-91

5-84 5:33:20.0 -03:35:11 H2-53 FI-60
4-86 314 P2205 V574 863 KiHa76-208 5:33:20.0 -05:12:21 BI-34 HI-53 PI-54 KI-57 SI-58 Kl-59 RI-62

B2-72 MI-76 P2-82 M2-83 CI-86 JI-88 WI-91
4-96 315 P2207 869 KiHa76-206 5:33:20.0 -05:15: 9 BI-34 HI-53 PI-54 RI-56 KI-59 B2-72 Gl-76

P2-82 M2-83 JI-88 WI-91
4-182 318 P2218 CF 877 KiHa76-207 5:33:20.0 -05:51:17 P2-04 HI-23 S2-24 BI-25 BI-34 RI-46 HI-50

PI-52 HI-53 PI-54 KI-59 BI-71 GI-76 P2-82
M2-83 WI-91

4-382 323 V988 5:33:20.0 -06:30:59 P2-82 S3-90
4-379 311 5:33:20.3 -06:14:11 P2-82
4-66 313 152 P2203 CE 856 KiHa76-209 5:33:20.4 -05: 3:20 P2-04 S2-24 BI-25 HI-31 BI-34 RI-46 HI-50

PI-52 HI-53 Pl-54 H2-55 RI-56 RI-62 WI-66
HI-72 WI-72 GI-76 AI-77 M4-77 C2-79 M4-80
TI-80 AI-81 P2-82 M2-83 HI-88 Wl-91

4-384 329 P2254 OU 897 5:33:20.7 -05:53:29 BI-34 PI-52 PI-54 KI-59 S3-71 P2-82 M2-83
S7-83

P2210 V378 868 Ton1 5:33:20.9 -05:42:53 Bl-34 H3-53 Pl-54 Rl-56 Pl-58 Rl-69 R3-69
R4-69

4-381 320 P2228 V812 KiHa76-21O 5:33:21.0 -05:55:48 PI-54 P2-82 WI-91
4-215 322 P2236 V814 KiHa76-211 5:33:21.0 -06:23:27 HI-53 PI-54 MI-63 GI-76 P2-82 M2-83 WI-91
4-69 317 477 P2215 VI018 860 CE/c 5:33:21.1 -05: 3:30 BI-34 HI-53 PI-54 KI-59 GI-76 P3-76 C2-79

P2-82 M2-83 HI-88
Xray26b 5:33:21.1 -06:35:14 S3-90
KiHa4-41 5:33:21.3 -01:24:55 W2-89

4-110 321 P2234 V364 879 5:33:21.3 -05:23: 5 BI-34 RI-46 PI-52 Hl-53 P1.54 Rl-56 Kl-59
P2-82 JI-88

P2245 V379 886 Ton2 5:33:21.5 -05:15:53 BI-34 H3-53 PI-54 Rl.56 PI-58 RI-69 R3-69
R4·69 JI-88

4-383 325 P2243 V575 883 5:33:21.6 -05: 8:53 BI-34 PI-54 RI-62 PI-75 PI-85 P2-82 M2-83
WBHa29 5:33:21.8 -07:32:40 W2-91
KiHa4-42 5:33:22.0 -01:24:56 W2-89

4-380 319 P2226 5:33:22.0 -04:48:17 PI-54 P2-82 Gl-85
4-207 328 P2249 V1001 891 KiHa76-212 5:33:22.0 -06:13:58 BI-34 Hl-53 Pl-54 Bl-71 A2-72 B2-72 Gl-76

P2-82 M2-83 Wl-91
316 P2211 V389 853 Ton8? 5:33:22.4 -04:26:23 BI-34 H2-54 Pl-54 HI-55 Pl-58 KI-59 Hl-62

RI-62 KI-64 H3-69 WI-69 BI-72 B2-72 AI-74
P2-82 M2-83

4-385 330 V989 5:33:22.9 -06:42:43 P2-82 M4-88 W2-91
4-104 326 153 P2246 OT 889 KiHa76-213 5:33:23.1 -05:18:20 BI-34 Rl-46 Pl-52 HI-53 PI-54 Rl-56 Kl-59

HI-62 H2-62 RI-62 RI-69 R3-69 R4-69 B2-72
HI-72 GI-76 C2-79 P2-82 PI-85 CI-86 HI-88
JI-88 WI-91

4-123 327 154 P2247 T 884 BO-51329 5:33:23.1 -05:30:26 SI-78· SI-82· SI-83· PI-93· P2-93· PI-95·
WI-03 P2·04 BI-08 CI-12 CI-18 LI-19 HI-23
CI-24 CI-25 CI-26 CI-27 C2-27 CI-29 C2-3O
JI-30 LI-30 CI-31 CI-32 ZI-32 CI-33 JI-33
BI-34 CI-34 CI-35 CI-36 CI-37 01-40 SI-44
CI-46 GI-46 RI-46 HI-49 M2-49 PI-49 HI-50
LI-50 PI-50 LI-51 H2-52 H3-52 PI-52 HI-53
BI-54 PI-54 LI-56 SI-58 Kl.59 H2.60 H2-62
KI-63 KI-64 JI-65 Bl-68 Wl-69 Fl-70 Gl-70
M3-70 WI-70 S3-71 Hl-72 C2-73 C3-73 P2-73
B2-74 G3-74 B2-76 MI-76 CI-77 B3-77 B4·77
KI-77 W2-77 G2-78 C2-79 Pl-79 Vl-79 M4-80
B2-81 TI-81 FI-82 P2·82 L2-83 M2-83 FI-84
F2-84 H3-84 FI-85 K2-85 S7-85 HI-86 S7-86
B3-87 H6-87 11-87 M9-87 11-88 HI-88 J 1-88
KI-88 K3-88 Vl·88 VI-88 11-89 M3-89 01-90
J3-90 J4-90 S2-90

478 P2244 887 5:33:23.9 -05:10: 0 BI-34 Pl·54 SI-58 WI-69 FI-70 BI-72 PI-75
M2-83 WI-83 HI-88 M3-89 WI-90

4-20 324 P2241 878 KiHa76-214 5:33:24.0 -04:44:56 BI-34 HI-53 PI-54 RI-56 KI-59 Bl·71 Gl·76
P2-82 M2-83 W1·91

Xray26c 5:33:24.0 -06:35:26 S3-90
4-244 334 P2264 AT KiHa76-215 5:33:24.2 -06:52:23 WI-03 P2-04 HI-23 PI-52 HI-53 PI-54 KI-59

RI-62 MI-63 A2-72 GI-76 P2-82 M2-83 Wl.91
W2-91

V813 5:33:24.3 -06:35: 8 S3-90
479 P2252 892 5:33:24.8 -05: 6:57 BI-34 PI-54 WI-69 FI-70 BI-72 Ml-76 PI-75

M2-83 S7-83 S9-83 S10-83 WI-83 R2·84 H1·88
VI-88 M3-89

KiHa76-216 5:33:25.0 -04:11:48 WI-91
4-204 333 KiHa76-217, 5:33:25.0 -06:11:52 HI-53 KI-59 A2-72 Gl-76 P2-82 Tl-86 W5-86

lRAS05334-0611 HI-91 WI-91
4-72 332 155 P2263 AR 901 KiHa76-218 5:33:26.2 -05: 6: 6 P2-04 HI-23 Sl·24 Bl.34 RI-46 HI-50 H2-50

PI-52 HI-53 PI-54 RI-56 K 1-59 H2-62 BI-71
S3-71 HI-72 Gl-76 BI-79 C2-79 P2-82 M2-83
CI-86 Hl-88 WI-91

5-78 KiHa4-43 5:33:26.9 -01:34:15 H2-53 FI-60 GI-65 W2-89
4-172 338 5:33:26.9 -05:47:18 HI-53 P2-82
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Haro PC HBC P Nwne Brun Other RA OEC Referencea

Jl) (2) (3)
(1950) (1950)

(10)(4) (5) (6) (7) (8) . (9)
4-120 335 P2269 OW 904 KiHa76-220 5:33:27.0 05:28:35 BI-34 RI-46 PI-52 HI-53 PI-54 RI-56 KI-59

RI-62 GI-76 P2-82 Jl-88 WI-91
P2270 OX 905 Ton3 5:33:27.2 -05:28:54 BI-34 Rl-46 PI-52 H3-53 PI-54 Rl-56 KI-59

4-114
RI-62 Jl-88

340 P2280 V428 919 5:33:27.3 -05:24:54 BI-34 HI-53 PI-54 RI-56 KI-59 Gl-76 P2-82
M2-83 JI-88

4-24 331 P2255 AS 898 5:33:28.0 -04:49: 6 P2-04 WI-03 HI-04 HI-23 S2-24 BI-34 Rl-46
PI-52 HI-53 PI-54 Rl-56 Kl-59 RI-62 GI-76
P2-82 M2-83

4-181 339 KiHa76-221 5:33:29.0 -05:51:20 HI-53 P2-82 Wl-91
WBHa30 5:33:29.3 -07:10: 4 W2.91

4-9 337 KiHa76-222 5:33:30.0 -04:31:15 HI-53 H2·55 KI-59 B2-72 Gl-76 P2-82 Wl-91
4-189 342 157 P2285 AU 927 KiHa76-224 5:33:30.9 -05:59: 9 P2-04 P4-04 HI-23 BI-34 Rl-46 Hl-50 PI-52

Hl-53 PI-54 H2-55 Kl-59 RI-62 WI-63 WI-66
A2-72 HI-72 Wl-72 AI-74 01-75 Gl-76 C2-79
P2-82 M2-83 HI-88 WI-91

KiHa76-225 5:33:31.0 -06:17:28 WI-91
4-225 344 KiHa76-223 5:33:31.0 -06:31:28 HI-53 Ml-63 P2-82 WI-91
4-233 348 V576 KiHa76-226 5:33:31.1 -06:42: 8 HI-53 KI-59 RI-62 Ml-63 A2-72 GI-76 P2-82

Wl-91 W2-91
4-61 341 156 P2282 V390 918 Ton9? 5:33:31.2 -05: 0:37 BI-34 HI-53 H2-54 PI-54 HI-55 RI-56 PI-58

KI-59 HI-62 H2-62 RI-62 KI-64 B2.72 Hl-72

4-237
GI-76 C2-79 AI-8l P2-82 M2-83 Hl-88

349 158 P2299 V577 Nk34, 5:33:31.5 -06:44:32 HI-53 PI-54 KI-59 RI-62 Ml-63 Hl-72 S3-71
KiHa76-227, A2.72 DI-75 GI-76 C2-79 Al-81 P2-82 M2-83
IRAS05335-0645? Nl-86 Tl-86 W5-86 Al-88 Hl-88 W5-88 S5-89

S7-89 M4-90 S3-90 W2-90 Wl-91 W2-91
WBHa31 5:33:31.5 -07:30:22 W2-91

4-387 347 P2298 5:33:31.6 -06:40: 3 PI-54 P5-81 P2-82 Gl-85 S3-90 W2-91
480 P2292 928 5:33:31.9 -05:41:50 Bl-34 PI-54 Wl-69 Fl-70 Bl-72 P2-73 Al-74

Pl-75 B2-76 Ml-76 M2-83 S9-83 Wl-83 R2.84
M2-85 H1-88 Vl-88

4-232 346 P2297 OY KiHa76-230 5:33:31.9 -06:38:22 PI-52 Hl-53 PI-54 Kl-59 Rl-62 Ml-63 A2-72
Gl-76 P2-82 M2-83 Wl-91 W2-91

345 V654 KiHa76-229 5:33:32.0 -06: 4:29 P2-82 Wl-91
4-386 343 KiHa76-228 5:33:32.0 -06:25:34 P2-82 Gl-85 Wl-91
4-389 351 P2307 5:33:32.3 -06:17:54 PI-54 P2-82 M2-83

WBHa32 5:33:32.3 -07:27:19 W2-91
4-388 350 5:33:32.6 -06: 0:48 P2-82 Gl-85

WBHa33 5:33:33.3 -06:51:34 W2-91
4-83 356 P2318 V655 947 5:33:33.6 -05:11:12 B1-34 Hl-53 PI-54 Kl-57 SI-58 Kl-59 Bl-71

S3-71 B2-72 Al-74 Gl-76 Ml-76 P2-82 M2-83
4-40 355 P2315 941 5:33:33.9 -04:52:48 Bl-34 Hl-53 PI-54 R1-56 Kl-59 B2-72 Gl-76

P2-82 M2-83
4-236 354 159 P2312 AV Nk35, 5:33:34.2 -06:44:23 W1-03 P2-04 Hl-50 P1.52 Hl-53 PI-54 Kl-59

KiHa76-231, Rl-62 MI-63 S3-71 A2.72 B2-72 Hl-72 01-75-
IRASOS335-0645? Gl-76 C2-79 M4-80 Al-81 P2-82 M2-83 Nl-86

Tl-86 W5-86 Al-88 Hl-88 W5-88 S5-89 57-89
M4-90 53-90 W2-90 Wl-91 W2-91

481 AV!c, 5:33:34.2 -06:44:23 PI-54 C2-79 TI-86 W5-86 HI-88 W5-88 55-89
IRA505335-0645? 57-89 M4-90 W2-90

4-390 353 P2309 931 5:33:34.4 -04:.29:54 BI-34 PI-54 Al.74 P2-82 GI-85
WBHa34 5:33:34.7 -06:42:40 W2-91

4-210 359 V393 Ton12, 5:33:35.0 -06:17:21 Hl-53 Hl.54 HI-55 PI-58 KI-59 RI-62 MI-63
KiHa76-232 B2-72 GI-76 P2-82 WI-91
WBHa35 5:33:35.6 -06:48:40 W2-91
WBHa36 5:33:36.0 -07:25:28 W2-91
KiHa4-44 5:33:36.2 +01:31: 7 W2-89
WBHa37 5:33:37.0 -06:52:24 53-90 W2-91
WBHa38 5:33:37.9 -06:36:17 W2-91

4-4 352 KiHa76-234 5:33:38.0 -04:22:28 HI-53 Kl.59 GI-76 P2-82 WI-91
4-391 357 P2322 934 KiHa76.233 5:33:38.0 -04:43:44 BI-34 PI-54 P2-82 GI-85 WI-91

Xray31 5:33:38.0 -06:13:17 53-90
WBHa39 5:33:38.1 -07: 3:10 W2.91
WBHa40 5:33:38.3 -07:11:28 W2.91

4-184 370 5:33:38.7 -05:52:54 HI-53 Gl-76 P2-82
4-394 366 P2335 KiHa76-236 5:33:38.9 -06:48:22 PI-54 P2-82 Gl.85 53-90 Wl-91 W2-91
4-393 365 P2334 AW KiHa76-235 5:33:39.0 -06:31:22 P2-04 WI-06 HI-23 51-24 PI-52 PI-54 KI-59

RI-62 MI-63 53-71 B2-72 P2-82 M2-83 GI-85
WI-91

4-64 367 P2337 V580 964 5:33:39.7 -05: 1:54 BI-34 HI-53 PI-54 KI-59 RI-62 Al-74 GI-76
P2-82 M2-83

KiHa4-45 5:33:39.8 -01:52:15 W2-89
4-16 360 P2326 CH 942 KiHa76-237 5:33:40.0 -04:43:11 P2-04 HI-23 52-24 BI-34 RI-46 HI-50 PI-52 .

HI-53 PI-54 Rl-56 Kl-59 B2-72 GI-76 P2-82
M2-83 Pl-85 Wl-91

4-392 358 P2323 943 5:33:40.0 -04:50:42 Bl-34 PI-54 P2-82 GI-85
4-132 362 . V579 KiHa76-238 5:33:40.0 -05:36: 8 HI-53 KI-59 RI-62 GI-76 P2-82 Wl-91
4-153 363 P2332 954 KiHa76-239 5:33:40.0 -05:42:12 BI-34 HI-53 PI-54 KI-59 A2-72 Gl-76 P2-82.

M2-83 WI-91
4-163 364 P2333 V501 953 KiHa76-240 5:33:40.0 -05:44:11 BI-34 Rl-46 HI-53 Pl·54 KI-57 KI-59 FI-70

Bl-71 53-71 AI-74 GI-76 MI-76 P2-82 M2-83
M3-89 \v1-91

4-209 369 P2338 AX 955 KiHa76-241 5:33:40.0 -06:16:15 P2-04 HI-23 51-24 BI-34 HI-50 PI-52 HI-53
PI-54 KI-59 RI-62 MI-63 53-71 A2-72 B2"72
GI-76 P2-82 M2-83 Wl~91

4-35 361 P2330 956 KiHa76-242 5:33:41.0 -04:51:51 BI-34 Hl-53 PI-54 KI-59 GI-76 P2-82 M2-83
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC References

(l) (2) (3) (4) (5) (6)
(1950) (1950)

(7) (8) (9) (10)
4-35 Wl-91

WBHa41 5:33:41.4 -06:58:55 W2-91
4-395 368 KiHa76-243 5:33:42.0 -05:38:28 P2-82 Wl-91
4-398 377 P2350 AY KiHa76-244 5:33:42.3 -06:50:17 P2-04 PI-52 PI-54 Kl-59 Rl-62 Ml-63 P2-82

M2-83 Gl-85 Wl-91 W2-91
Xray34a 5:33:42.9 -06:19: 0 53-90

4-106 371 P2347 V502 965 KiHa76-245 5:33:43.0 -05:21:34 Bl-34 Hl-53 PI-54 Kl-57 51-58 Kl-59 MI-66
MI-58 H3-69 Fl-70 Bl-71 53-71 Al-74 Gl-76
Ml-76 P2-82 M2-83 M3-89 Wl-91

4-162 372 KiHa76-246 5:33:43.0 -05:44:16 Hl-53 Kl-59 A2-72 Gl-76 P2-82 Wl-91
V825 5:33:43.0 -06:20:25 53-90

WBHa42 5:33:43.4 -07:32:19 W2-91
WBHa43 5:33:43.6 -07:12:11 W2-91

4-152 376 KiHa76-247 5:33:44.0 -05:41:38 HI-53 GI-76 P2-82 WI-91
WBlla44 5:33:44.5 -06:35:24 W2-91

4-399 379 5:33:45.0 -05:42:19 P2·82
378 V391 Tonl0 5:33:45.3 -05:23:43 112-54 111-55 RI-56 PI-58 KI-59 P2-82

4-102 375 V824 5:33:45.4 -05:17:37 111-53 Kl-59 GI-76 P2-82
Xray33b 5:33:46.3 -06:25:27 53-90

4-396 373 5:33:46.5 -04:22:25 P2-82
4-397 374 5:33:46.5 -04:24:25 P2-82 GI-85

Xray33a 5:33:46.6 -06:25:23 53-90
KiHa76-249 5:33:47.0 -05:17:23 WI-91

4-206 380 KiHa76·250 5:33:48.0 -06:15: 5 111-53 A2-72 GI-76 P2-82 WI-91
4-212 383 P2369 BB 5:33:48.7 -06:19:26 P2-04 111-23 51-24 PI-52 111-53 PI-54 KI-59

Rl-62 MI-63 53-71 B2-72 P2-82 M2-83 53-90
4-208 382 KiHa76-251 5:33:49.0 -06:16:39 111-53 KI-59 A2-72 GI-76 P2-82 Wl-91

381 162 P2368 AZ 982 5:33:49.3 -05:13:32 WI-01 WI-03 P2-04 111-23 51-24 Bl-34 Rl-46
112-50 PI-52 BI-54 PI-54 RI-56 51-58 KI-59
112-62 Rl-62 113-69 Wl-69 FI-70 Bl-71 53-71
111-72 Al-74 B2-76 MI-76 B4-77 KI-78 C2-79
B2-81 M2-81 P2-82 M2-83 PI-85 CI-86 112-86
111-88 K3-88 M4-88 M3-89

WBlla45 5:33:49.7 -07:29:24 W2-91
160 PQ 5:33:49.8 -02:12:47 KI-59 111-72 CI-74 C2-79 M4-80 111-88

IRA505337-0639 5:33:49.8 -06:39:39 TI-8657-89
4-400 384 5:33:50.5 -06: 7:19 P2-82

WBlla46 5:33:50.6 -07:26:34 W2-91
5-75 161 PU Killa4-46, 5:33:51.4 -00:44: 0 MI-49 112-53 FI-58 KI-59 FI-60 112-62 GI-65

IRA505338- 0044 111-72 C2-79 111-88 W2-89 W2-90
4-401 385 KiHa76-252 5:33:52.0 -05:16:27 P2-82 GI-85 WI-91
4-213 388 V832 Killa76-253 5:33:52.0 -06:22:27 111·53 KI-59 MI-63 A2-72 B2-727 GI-76 P5-81

P2-82 WI-91
WBlla47 5:33:52.3 -07:14:43 W2-91
L1641-N, 5:33:52.5 -06:23:53 TI-86 W5-86 W5-88 B4-89 55-89 56-89 57-89
IRA505338-0624 WI-89 W4-89 M4-90 W5-90 111-91 MI-91 M2-91

4-402 387 Killa76-254 5:33:53.0 -05:50:13 P2-82 WI-91
Xray36b 5:33:53.6 -06:33: 7 53-90
WBlla48 5:33:53.9 -06:52:22 W2-91

4-75 386 Killa76-255 5:33:54.0 -05: 7:40 HI-53 P2-82 WI-91
5t49 5:33:54.0 -06:46:40 58-86 01-88

P2382 5:33:54.7 -06:32:58 PI-54 P5-81 53-90
KiHa4-47 5:33:55.1 +00:14:43 W2-89

399 V839 5:33:55.1 -07: 7:16 P2-82 W2-91
483 Cohen-5chwartz 5:33:55.6 -06:47:25 C3-79 HI-81 87-82 EI-82 CI-83 C2-83 J2-83

star, Nk40 M7-83 M8-83 C4-84 1,1-85 1'3-85 R5-85 58-85
NI-86 111-8711-87111-88 511-89

WBlla49 5:33:55.8 -06:43:21 W2-91
4-218 390 V582 5:33:56.1 -06:27:50 HI-53 KI-59 RI-62 MI-63 A2-72 GI-76 PI-79

P2-82
4-404 392 P2390 995 5:33:56.8 -05:48:26 BI-34 PI-54 AI-74 P2-82 M2-83

391 V833 Killa76-257 5:33:57.0 -05: 8:57 P2-82 WI-91
WBlla50 5:33:57.0 -07:17:53 W2-91
WBHaSl 5:33:57.3 -06:55:47 W2-91
WBHaS2 5:33:57.9 -07:32:26 W2-91
KiHa76-259 5:33:58.0 -04:52: 8 WI-91
KiHa76-260 5:33:58.0 -06: 7: 1 WI-91

4-403 389 KiHa76-258 5:33:58.0 -06:25: 0 P2-82 WI-91
WBHa53 5:33:58.4 -07:10:51 W2-91

P2388 PR 5:33:58.5 -06:19:20 PI-54 KI-59 53-71 B2-72? 1'5-81 53-90
WBllaS4 5:33:58.7 -06:54:14 W2-91

4-203 393 1'2391 993 KiHa76-261 5:33:59.0 -06: 9:52 BI-34 HI-53 1'1-54 KI-59 WI·69 111-72 82-72
AI-74 B2-76 GI-76 IH-77 1'2-82 M2-&1 WI-83
M3-89 WI-91

4-235 395 164 P2393 V380 80-61253, 5:33:59.5 -06:44:46 HI-46 MI-46 GI-48 JI-49 M2-49 112-52 1'1·52
Nk51, 111-53 BI-54 PI-54 K 1-59111-60112·60112-62
KiHa76-263, 52-62 JI-66 KI-66 MI-66 BI-68 10-68 MI-68
IRA505339-0644 M2-58 RI-68 nl-69 02-69 GI-70 1,1-70 MI-70

M3-70 WI-70 ZI-70 GI-71 53-71 WI-71 B2-72
111·72 53-72 W2-72 AI-73 C2-73 C3-73 G3-73
LI-73 ZI-73 112-74 B4-74 G3-74 11-74 KI-74
L2.74 54-74 01-75 51-75 A2-77 01-77 GI-77
HI-77 GI-78 G2-78 52-78 W2-78 C2-79 G2-79
PI-79 52-79 VI-79 C2-80 C3-80 GI-80 112-80
51-80 W3-80 GI-81 1,1-811'5-81 '1'1-81 1110-82
C3-82 FI-82 K5-82 M3-82 1'2-82 1,2-83 W3-83
BI-84 CI-84 FI-84 F2-84 AI-85 C7·85 1-;2-85
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TABLE 1. CONTINUEO.

Hara PC HBC P Name Brun Other RA OEC References

Jl) (2) (3) (4) (5) (6)
(1950) (1950)

(10)(7) (8) (9)
4-235 Fl-85 G3-85 K2-ilS1.1-85 R5-85 El-86 Hl-86

N1-il6 51-86 57-86 59-il6 Tl-86 B2-87 B3-87
E2-87 H6-87 11-87 M6-87 P2-87 H1-ilil H2-88
K2-88 K3-ilil L3-88 V2-ilil Yl-88 Al-89 C2-89
C6-89 M3-89 57-89 Bl-90 C2-90 01-90 J3-90
J4-90 M4-90 53-90 W2-90 Ml-91 M2-91 Wl-91
W2-91

4-125 394 163 V951 KiHa76-264 5:34: 0.2 -05:32:44 Hl-53 Kl-59 Bl-63? H1·72 C2-79 Gl-76 Al-81
P2·82 H1-ilil Wl-91

IRA505339-0626 5:34: 0.4 -06:26:45 T1-il6 57-89 Ml-91 M2-91
P2385 V990 5:34: 0.4 -06:28:16 PI-54 P5-81 53-90

KiHa76-265 5:34: 1.0 -04:18: 0 Wl-91
KiHa76-266 5:34: 1.0 -04:55:39 W1·91

4-406 398 KiHa76-267 5:34: 1.0 -06:25: 0 P2-82 Gl-85 Wl-91
WBHa55, Nk50?, 5:34: 2.0 -06:46:11 N1-il6? 511-89? Ml-91 M2-91 W2-91

4-405
IRA505339-0646?

397 5:34: 2.3 -06:17:26 P2-82
4-407 402 P2409 5:34: 2.4 -06:10: 8 PI-54 P2-82 G 1-85
5-74 KiHa4-48 5:34: 2.6 -01: 4: 4 H2-53 Fl-5il K1·59 Fl-60 W2-89

KiHa4-49 5:34: 2.9 -02:11:54 W2-89
4·105 396 P2395 5:34: 3.4 -05:21:50 Hl-53 PI-54 Kl-59 P2-82 M2-83 Cl-86

WBHa56 5:34: 3.5 -06:36:28 W2-91
WBHa57 5:34: 3.7 -06:40: 0 W2-91

4-103 400 P2403 V367 1005 KiHa76-269 5:34: 4.0 -05:19: 1 P2-04 P4-04 Hl-23 B 1-34 R1·46 P1·52 Hl-53
PI-54 Rl-56 Kl-59 A2-72 B2-72 G1·76 P2-82
M2-il3 Wl-91

4·214 401 V584 KiHa76-268 5:34: 4.0 -06:24:58 Hl-53 Rl-62 Ml-63 A2-72 Gl-76 P2-82 Wl-91
WBHa5il 5:34: 5.4 -06:42:52 W2-91

4-408 404 KiHa76-270 5:34: 6.0 -06:14:25 P2-82 Gl-85 Wl-91
405 165 P2412 BO 5:34: 6.1 -06:21: 8 P2-04 Hl-23 51-24 PI-52 Pl-54 Kl-59 H2-62

Rl-62 Ml-63 53-71 B2-72 Hl-72 01·75 C2·79
M4-80 P2-82 M2-83 H2-86 Hl-88

WBHa59 5:34: 6.3 -06:42:21 W2-91
4·192 403 KiHa76-271 5:34: 7.0 -05:59:41 Hl-53 Kl-59 Gl-76 P2-82 Wl-91

KiHa4-50 5:34: 8.0 -01: 9:40 W2-89
WBHa60 5:34: 8.1 -06:45: 2 W2-91

4-187 409 KiHa76-272 5:34: 9.0 -05:57:16 Hl-53 Gl-76 P2-'82 Wl-91
4·409 406 1'2415 5:34: 9.5 -05:13:21 Pl-54 Al-74 P2-82 Gl·85
4-70 407 P2459 V657 1043 5:34: 9.7 -05: 6:27 Bl-34 Hl-53 H2·54 Pl-54 Kl-59 B2-72 A1·74

Gl-76 P2-82 M2-il3 Cl-86
4-119 408 166 1'2421 BC 1014 KiHa76-273 5:34: 9.8 -05:28:13 P2-04 Hl-23 Bl-34 Rl-46 Hl-50 Pl-52 Hl-53

Pl-54 H2-55 Rl-56 Kl-59 Wl-66 B1·71 A2·72
Hl-72 Wl-72 Al-74 Gl-76 C2-79 M4-80 P2-82
M2-il3 Hl-88 Wl-91

4-227 410 V585 KiHa76-274 5:34: 11.0 -06:35:11 Hl-53 A2-72 P5-81 P2-82 Wl-91
KiHa76-275 5:34:12.0 -05:14:11 Wl-91
WBHa61 5:34:13.2 -07:22:11 W2-91

4-205 413 KiHa76-276 5:34:14.0 -06:15:20 Hl-53 Gl-76 P2-82 Wl-91
4-413 416 5:34:14.4 -06:12: 9 P2-82

WBHa62 5:34:14.6 -06:51:33 W2-91

V845 WBHa63 5:34:14.9 -06:53:45 53-90 W2-91
4·230 412 V846 KiHa76-277, 5:34: 15.2 -06:35:46 Hl-53 A2-72 Gl-76 P5-81 P2-82 57-89 M4-90

IRA505342-0635 53-90 W2-90 Wl-91 W2-91
4-410 411 5:34:15.3 -05:24: 3 P2-82 Gl-85
4-412 415 KiHa76-278 5:34:17.0 -06: 0:19 P2-82 Wl-91

WBHa64 5:34:17.0 -06:58:58 W2·91
KiHa76-279 5:34:18.0 -04: 0:59 Wl-91

4-221 420 KiHa76-280 5:34: 19.0 -06:29:57 Hl-53 Kl-59 A2-72 Gl·76 P2-82 Wl-91
WBHa65 5:34:19.9 -06:37:13 W2-91

4-411 414 KiHa76-281 5:34:20.0 -05:38:18 P2-82 Gl-85 Wl-91
4-414 417 5:34:20.6 -06: 1:33 P2·82 Gl-85
4-415 418 5:34:20.6 -06: 1:51 P2-82 Gl-85

KiHa76-282 5:34:22.0 -05: 5:56 Wl-91
419 1117 1'2441 1030 KiHa76-2il3, 5:34:22.7 -04:27:27 Bl-34 Pl.54 H2-62 Ml-66 Ml-68 Wl-69 M3-70

IRA505343-0427? Bl-72 B2-72 Hl-72 Al-74 B2.76 M2.76 B4-77
K 1-78 C2·79 P2-82 M2-83 59-il3 R2-84 11-87
H1-ilil K3-ilil Yl-88 M3-89 W2-90 Wl-91

·184 1'2441/c IRA505343-0427? 5'34:22.7 -04:27:27 C2-79 Hl·88 W2-90
4-80 421 1'2449 V852 1038 KiHa76-284 5:34:24.0 -05:10:22 Bl-34 Hl-53 Pl-54 Kl-59 B2-72 Al-74 Gl.76

P2-82 M2-83 Wl-91
4-·116 422 5:34:24.1 -06:43:15 Rl-62? P2-82 Gl-85 53-90 W2-91

WBHa66 5:34:24.3 -07:13:13 W2-91
WBHa67 5:34:24.4 -06:50:38 W2-91
WBHa68 5:34:25.6 -06:37: 1 W2-91

4-418 424 5:34:26.2 -06:21 :34 P2-82 Gl-85
KiHa76-285 5:34:27,0 -05:15:33 Wl-91

4-417 42:1 5:34:28,5 -04:21: 4 P2-82
KiHa4-51 5:34:28.7 +00:41:38 W2-89
WBIIa69 5:34:29.8 -07: 8:25 W2-91

4·113 425 1'2470 I'W 1047 KiHa76-286 5:34:32.0 -05:25:26 Rl-90· P4-04 Hl-23 Bl-34 RI-46 PI-52 HI-53
PI-54 Rl-56 Kl-59 B2-72 Al.74 Gl-76 P2-82
M2-il3 Pl-85 Wl·91

Killa4-52 5:34:32,2 +00: 7: 8 W2-89

4l'\5 1'2473 V586 1051 11037258, 5:34:32.7 --06: 11: 2 BI-34 Pl·54 51-62 Bl-67 Wl-69 53-71 Bl-72
BO-6 1257, 52-72 G3-74 B2-76 W2.77 B2-81 Ml-82 M2-il3
IRA505345-0610 R3-83 K2-86 P3-86 111·88 M3-89 W2-90
KiHa4-53 5:34:33.7 +00:34: 3 W2-89
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TABLE 1. CONTINUEO.

Uaro PC UßC P Name Brun Other RA OEC ReCerences

(1) (2) (3) (4) ( 5) (6) (7)
(1950) (1950)

(10)(8) (9)
4-226 427 168 P2479 BE Nk59, 5:34:33.7 -06:35:12 P2-04 HI-23 81-24 PI-52 HI-53 PI-54 KI-59

KiHa76.287, H2·62 Rl·62 Ml·63 A2.72 B2.72 HI-72 01-75
IRA805345- 0635 Gl.76 C2-79 P2-82 M2-83 NI-86 HI-88 L3-88

87-89 811-89 M4-90 W2-90 WI-91
4-138 426 486 P2478 V381 1054 KiHa76-288 5:34:35.2 -05:38:16 BI-34 RI-46 PI-52 HI-53 PI-54 Kl.57 Kl.59

Wl·69 FI-70 BI-71 BI-72 AI-74 B2-76 Gl·76
B4-77 Kl.78 P2-82 M2-83 WI-83 CI-86 HI-88
M3-89 WI-91

WBHa70 5:34:35.2 -07:14:24 W2-91
KiHa4-54 5:34:37.3 +01:16:32 W2-89

4-419 428 5:34:39.3 -05:25:11 P2-82
WBHa71 5:34:40.0 -06:48:52 W2·91
KiHa4-55 5:34:40.3 +00:50:13 W2-89

4-185 429 P2487 1061 KiHa76-289 5:34:41.0 -05:54:40 BI-34 HI-53 PI-54 Kl·59 AI-74 GI-76 P2-82
M2-83 WI-91

WBHa72 5:34:41.9 -06:54:37 W2-91
KiHa4-56 5:34:42.2 +00:38:11 W2-89

487 P2494 1069 5:34:42.9 -06: 8: 2 BI-34 PI-54 Wl·69 Bl·72 AI-74 B2-76 W2-77
M2.83 87-83 89-83 810-83 WI-83 R2-84 M2.il5
Cl·86 HI-88 M3-89 83-90

5-76 KiHa4-57 5:34:43.0 -01: 9:35 H2.53 KI-59 Fl·60 Gl·65 W2-89
WBHa73 5:34:44.0 -06:41:47 W2·91
WBHa74 5:34:44.7 -07:12: 1 W2-91
WBHa75 5:34:44.9 -06:47:17 W2·91

5-79 KiHa4-58 5:34:45.4 -00:22:26 H2-53 KI-59 Fl-60 Gl-65 W2·89
4-420 430 5:34:48.4 -07: 5: 4 P2-82 GI-85 W2-91
4-229 432 169 P2510 BF BO-61259, 5:34:48.5 -06:36:51 P3-04 P4-04 WI-06 HI-23 Hl-50 H2·52 PI-52

Nk62, Hl·53 BI-54 PI-54 Kl-59 H2-62 RI-62 82-62
IRA805348-0636 Ml-63 Kl.64 BI-67 M3-70 Wl-70 83-71 A2-72

B2·72 Hl-72 C2-73 C3-73 G3-74 01-75 GI-76
W2-77 C2-79 83-80 P5-81 Fl-82 P2-82 H4-83
M2-83 R3-83 FI-84 F2-il4 FI-85 K2-85 87·85
87-86 Nl·86 Zl-86 H6-87 11-87 Kl-87 M6-87
HI-88 H2-88 Kl-88 M3-89 El.89 G5-89 87-89
811-89 Bl-90 01-90 M4-90 W2-90 Ml-91 M2·91
W2-91

4-421 431 5:34:48.6 -07: 5:22 P2-82 W2.91
KiHa76-290 5:34:49.0 -05:34:48 Wl.91

4-247 435 V587 KiHa76-291 5:34:49.9 -07: 0:43 Hl·53 Rl.62 MI-63 M2·63 A2-72 Gl·76 P2.82
Wl-91 W2-91

4-422 433 P2517 1086 KiHa76·294 5:34:51.0 -05:45:37 Bl·34 PI-54 Al-74 P2-82 GI-85 Wl-91
KiHa76·292 5:34:51.0 -06: 0:11 Wl·91
KiHa76-293 5:34:51.0 -06:38: 3 WI-91
WBHa76 5:34:51.2 -07:13:28 W2·91

4-423 434 5:34:51.4 -05:20: 0 P2-82
5-6 5:34:52.0 -03: 1:53 H2·53 Fl-58 K 1-59 FI-60 G 1·65

KiHa4-59 5:34:53.5 +00:41:20 W2·89
WBHa77 5:34:53.7 -07:12:11 W2·91

P2502 V865 5:34:54.5 -06:37:12 P 1·54 PS-81 83-90
KiHa76-295 5:34:56.0 -06: 5: 7 Wl·91

4-234 436 5:34:56.8 -06:46:23 Hl·53 KI-59 A2-72 GI-76 P2-82 W2-91
KiHa4-60 5:34:57.2 -00:50:36 W2-89

5-77 5:34:58.0 -01: 5:24 H2-53 FI-58 KI-59 Fl·60 GI-65
KiHa4-61 5:34:58.9 -01: 5:18 W2-89

5-5 5:34:59.0 -02:25:36 H2-53 Kl·59 Fl-60 GI-65
P2542 5:34:59.1 -06:34:56 Pl·54 83-90

KiHa4-62 5:35: 0.6 -01: 5:47 W2-89
WBHa78 5:35: 0.7 -06:45:54 W2-91
WBHa79 5:35: 1.5 -06:57:38 W2-91

4-425 438 KiHa76-296 5:35: 2.0 -06:48:23 P2·82 Gl-85 WI-91 W2-91
KiHa4-63 5:35: 2.3 +01:26: 5 W2-89
KiHa76-298 5:35: 3.0 -05:32: 9 Wl-91
WBHailO 5:35: 3.0 -06:50:12 W2-91
KiHa4-64 5:35: 3.1 +02: 0:41 W2-89

4-424 437 KiHa76-299 5:35: 5.0 -06:57:44 P2·82 Gl-85 Wl-91 W2-91
4-88 439 P2557 V368 1110 KiHa76-300 5:35: 6.0 -05:14:21 Rl·90· P4-04 Hl.31 Bl-34 PI-52 Hl-53 PI-54

J{1.59 Rl-62 83-71 B2-72 AI-74 Gl-76 P2-82
M2-83 Wl·91

4-426 440 KiHa76·301 5:35: 6.0 -06:40:48 P2-82 Gl-85 Wl-91 W2-91
WBHaill 5:35: 6.9 -07: 6:38 53-90 W2-91

441 V588 Tonli? 5:35: 8.7 -05:53:49 Hl-54 Kl-59 Rl-62 R2-69 P2-82
4-427 443 P2572 5:35: 9.6 -05:10:19 Pl·54 P2-82

442 V874 5:35:11.2 -07: 4:45 P2-82 PI-85 W2-91
WBHail2, 5:35:13.0 -06:46:51 Wl.91 W2-91
KiHa76-302

4-428 444 5:35:15.7 -05: 5:37 P2-82
4-429 445 KiHa76-303 5:35:16.0 -06:41:17 P2·82 Wl-91 W2·91

KiHa76-304 5:35:17.0 -04:39:29 Wl·91
WBHail3 5:35:17.9 -06:58:56 W2-91
WBHail4 5:35:17.9 -07: 8:58 W2-91

4-432 449 5:35:18.3 -07:59: 2 P2-82
4-242 448 KiHa76-305 5:35:18.7 -06:52:13 Hl.53 Kl-59 Rl-62 Ml-63 A2-72 GI-76 P2-82

Wl·91 W2-91
KiHa76·306 5:35:20.0 -03:48: 1 Wl·91

P2599 H037357, 5:35:21.1 -06:44:13 51-5451-62 Ll·68 W2-77 W5-86 W5-88 57·89
BO-61264, M4·90 W2-90 MI-91
IRA505353-0644
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC References

11) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(10)(8) (9)
4-430 446 1{iHa76-307 5:35:22.0 -04:27:40 P2-82 GI-85 Wl·91
4-431 447 KiHa76-308 5:35:22.0 -04:27:59 P2-82 GI-85 WI-91
4-436 454 5:35:23.2 -06:46:49 P2-82 W2-91
4-433 450 KiHa76-309 5:35:23.9 -06:58: 5 P2-82 Gl-85 W1·91 W2-91

4-246
KiHa4-65 5:35:25.1 -00:49: 6 W2·89

451 V591 KiHa76-310 5:35:26.0 -06:58:33 Hl-53 Rl-62 Ml-63 M2-63 A2-72 GI-76 P2-82

4-434
53-90 WI-91 W2-91

452 5:35:27.9 -06:59:53 P2-82 Gl-85 W2-91
4-438 456 IRA505355- 0658 5:35:28.8 -06:58:27 P2-82 W5-86 57-89 M4-90 53-90 MI-91 M2-91

4-435
W2-91

453 V592 KiHa76-311 5:35:28.8 -06:59:12 RI-62? Ml·63? M2-63? P2-82 53-90 WI-91 W2-9
4-436 455 5:35:29.0 -06:55:44 P2·82 W2-91

WBHa85 5:35:29.6 -06:59:13 W2-91
WBHa86 5:35:29.7 -07:18:28 W2·91
KiHa76-312 5:35:31.0 -04:15:22 WI-91

5-7
WBHa87 5:35:31.5 -07: 6:57 W2·91

5-80
5:35:32.0 -02:47:38 H2·53 FI-60 GI-65

KiHa4-66 5:35:32.5 -01:19: 0 H2-53 Fl-60 Gl-65 W2-89
4-439 457 5:35:32.8 -06:45: 8 P2-82 GI-85 W2-91
4-440 458 KiHa76-313 5:35:33.5 -07: 0:24 P2·82 Gl-85 Wl-91 W2-91

Xray56 5:35:34.7 -07:35: 8 53-90
488 V1143 Sugano'a star, 5:35:35.1 -04:18:24 H3-83 11-83 KI-83 K2-83 K3-83 LI-83 G3-84

Abastumani 24, NI-84 C3-85 VI-85 N2-86 GI-87 12-87 PI-87
KiHa76-314 HI-88 M4-88 P2-88 GI-89 H2-89 G2-90 WI-91

4-251
KiHa4·67 5:35:35.8 -02:32: 3 W2-89

459 V593 KiHa76-315 5:35:35.8 -07:17:36 HI-53 RI-62 M2-63 P2-82 PI-85 WI-91 W2-91

4-65
KiHa76-316 5:35:37.0 -02:37:38 WI-91

460 KiHa76-318 5:35:39.0 -05: 2:59 HI-53 B2-72 GI-76 P2-82 WI-91
4-441 462 KiHa76-317 5:35:39.0 -07:23:45 P2·82 WI-91 W2-91
4-220 461 5:35:39.8 -06:31:23 HI-53 P2·82 W2-91
4-250 463 V878 KiHa76-319 5:35:40.0 -07:17:51 HI-53 KI-59 M2-63 P2-82 Wl.91 W2-91

Xray54 5:35:40.6 -06:54:55 53-90
KiHa76-321 5:35:41.0 -02:19:55 WI-91

5-8
KiHa76-320 5:35:41.0 -02:19:58 WI-91

5:35:41.0 -02:47:45 H2-53 FI-58 KI-59 FI-60 GI-65
KiHa76-322 5:35:42.0 -02:47:33 Wl·91
Nk81, 5:35:43.5 -06:50:57 B2·86 Nl-86 W5-86 W5-88 57-89 511-89 W4-89

4-442
IRA505357-0650 M4-90 MI-91 W2-90

464 5:35:43.8 -06:26:56 P2·82 G 1-85 W2·91
4-211 465 KiHa76-324 5:35:44.0 -06:23:49 Hl.53 P2-82 WI-91 W2-91
4-248 466 KiHa76-323 5:35:44.0 -07: 7: 6 Hl-53 Kl-59 A2-72 GI-76 P2-82 W1·91 W2-91

P2653 H037411, 5:35:47.1 -05:26:53 SI-54 51-62 LI-68 52-72 W2-77 MI-82 H4-89
80-51346
KiHa76-326 5:35:48.0 -02:53:20 Wl·91
KiHa76-327 5:35:52.0 -03:13:38 Wl-91
KiHa4-69 5:35:52.3 -02:38: 5 W2-89

5-10
489 V883 *near Haro13a 5:35:54.0 -07: 3:51 M2-63 53-74 AI-75 HI-88

4-443
V505 5:35:56.0 -02:47:34 H2.53 FI-58 KI-59 FI-60 GI-65

467 5:35:56.0 -06:59:46 P2·82 W2-91
KiHa76-329 5:35:57.0 -02:36:45 WI-91
KiHa76-328 5:35:57.0 -02:46:50 WI-91

5-9
P2675 5:35:57.0 -06:39:22 PI-54 53-90

5:35:58.0 -02:18:16 H2.53 FI-60 Gl-65

KiHa4-70, 5:35:58.0 -02:17:54 W2-89 Wl-91

4-107
KiHa76-330

4-444
468 KiHa76-331 5:35:58.0 -05:23:51 HI-53 GI-76 P2-82 WI-91
470 KiHa76-332 5:35:58.6 -07: 9:18 P2-82 WI-91 W2-91

4-445 471 5:35:58.8 -04: 4:34 P2-82
5-85 5:36: 0.0 -04: 4:22 H2·53 FI-58 KI-59 Fl·60
4-240 473 VI002 KiHa76-333 5:36: 0.0 -06:49:37 HI-53 A2-72 GI-76 P2-82 Wl-91 W2-91

KiHa4-71, 5:36: 0.6 -02:38:12 W2·89 WI-91

5-11
KiHa76-334

5:36: 1.0 -02:38:46 H2-53 FI-60

4-446
469 KiHa76-335 5:36: 1.0 -04: 4:26 KI-59 P2-82 Wl-91
472 5:36: 1.5 -07:39:44 P2-82 W2-91

4-447 474 5:36: 1.6 -06:40: 7 P2-82 GI-85 W2-91
4-245 475 P2682 V594 KiHa76-336 5:36: 2.0 -06:56:33 HI-53 PI-54 KI-59 RI-62 M2-63 S3-71 A2-72

4-448
GI-76 P2-82 M2-83 WI-91 W2-91

476 5:36: 2.2 -06: 5:41 P2-82 W2-91

5-12
5t50 5:36: 3.0 -02:30:19 Ml·82 58-86 01-88

172 TX IRAS05360- 0245? 5:36: 3.2 -02:45:55 P3-04 PI-05 HI-31 Pl·34 H2-53 Fl·58 KI-59
FI-60 RI-60 GI-65 Hl·72 C2-79 M4-80 53-80
H2-86 HI-88 W2-90

4-449
KiHa76-337 5:36: 4.0 -07:17:26 WI-91

478 V589 KiHa76-338 5:36: 4.1 -06:41:21 P2-82 GI-85 53-90 WI-91 W2-91

173 TY IRAS05360-0245? 5:36: 5.3 -02:45:38 P3-04 PI-05 HI-31 Pl.34 KI-59 RI-60 HI-72

4-451
C2-79 53-80 HI-88 W2-90

480 KiHa76-339 5:36: 6.0 -06:54:18 P2-82 WI-91 W2-91
4-452 482 5:36: 6.5 -07:47:23 P2-82
4-450 479 5:36: 9.7 -05: 1:53 P2-82
5-13 5:36:10.0 -02:32:29 H2-53 FI-58 KI-59 FI-60 GI-65

481 174 H7-1, 5:36:10.6 -07:51:59 HI-72 C2-79 M4-80 P2-82 HI-88 57-89 M4-90
IRAS05362-0751 W2·90

5-14
KiHa4-72 5:36:12.5 +00: 1:56 W2·89

5:36:14.0 -02:44:11 H2-53 FI-58 Kl-59 Fl-60
4-453 483 5:36:14.6 -07: 0:51 P2-82 W2-91
4-249/c 490 5:36:16.5 -07:14:25 HI-53 53-74 C2-79 G4-87 HI-88
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TABLE 1. CONTINUEO.

Hara PC HBC P Name Brun Other RA OEC References

(l) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
4-454 485 5:36:16.8 -06:54:49 P2-82 W2-91
4-249 484 491 Nk88, 5:36:17.5 -07:14:22 HI-53 M2-63 C2-79 L2-79 C4-80 P2-82 B2-86

KiHa76.340, Nl-86 89-86 G4-87 88-87 Hl-88 L3-88 V4-SS
IRA805363-0714 87-89 M4-90 W2-90 MI-91 M2-91 Wl-91

4-455 487 5:36:18.5 -07:46:18 P2-82
KiHa4-73 5:36:21.0 -00:50:58 W2-89

4-68 486 5:36:21.9 -04:53: 6 HI-53 GI-76 P2-82
4-253 488 KiHa76-341 5:36:24.8 -07:21:56 HI-53 KI-59 P2-82 83-90 Wl.91
4-254 489 Nk90, 5:36:27.2 -07:22:46 Hl-53 KI-59 P2-82 NI-86 W5-86 87-89 M4-90

KiHa76-342, 83-90 W2-90 MI-91 M2-91 WI-91
IRA805364- 0722

5-15 RU 5:36:28.0 -02:49:18 H2-53 FI-58 FI-60 RI-60 GI-65
5-18 KiHa4-74 5:36:28.4 -02:35:27 H2-53 FI-60 W2-89

KiHa76-343 5:36:30.0 -03:55:26 WI-91
5-16 KiHa4-76, 5:36:30.2 -02:20: 4 H2-53 FI-58 KI-59 FI-60 GI-65 W2-89 WI-91

KiHa76-344
4-456 490 5:36:30.2 -08: 4:25 P2-82

KiHa4-76 5:36:30.4 -01:22:10 W2-89
4-457 492 5:36:30.5 -07:46:19 P2-82
4-243 491 KiHa76-345 5:36:31.0 -06:54:36 HI-53 P2-82 WI-91

V599 Nk92, 5:36:33.3 -07:18:22 NI-86 W5-86 87-89 811-89 M4-90 W2-90 MI-91
IRA805365-0718 M2-91

4-459 494 5:36:36.5 -07:47:19 P2-82
5-19 V507 KiHa4-77 5:36:36.8 -02:34:15 H2-53 FI-58 FI-60 GI-65 W2-89
4-458 493 P2778 5:36:39.1 -05:35:55 PI-54 AI-74 P2-82

KiHa4-78, 5:36:40.7 -02:32:42 W2-89 Wl-91
KiHa76-346

5-17 V508 KiHa4-79 5:36:40.9 -01 :28:58 H2-53 FI-58 K 1-59 Fl-60 G 1-65 W2-89
5-20 V509 5:36:41.0 -02:33:19 H2-53 FI-58 FI-60 RI-60 GI-65

KiHa4-80 5:36:45.8 -02:27:25 W2-89
175 H7-5 5:36:46.7 -08:34:31 HI-72 M2-77 C2-79

5-21 KiHa4-81, 5:36:48.0 -02:32:29 H2-53 FI-60 GI-65 W2-89 WI-91
KiHa76-347

4-252 496 KiHa76-348 5:36:49.0 . -06:45:39 HI-53 GI-76 P2-82 WI-91
4-460 495 5:36:49.0 -07:23:20 P2-82

KiHa4-82 5:36:49.3 +00:36:24 W2-89
Xray61 5:36:53.0 -07: 1:44 83-90
Xray62 5:36:53.3 -06:56:51 83-90

5-23 BG KiHa4-83, 5:36:54.5 -02:39:56 H2-53 FI-58 FI-60 GI-65 W2-89 Wl-91
KiHa76-349

5-22 KiHa4-84 5:36:55.2 -02:16:38 H2-53 FI-58 K I-59 Fl-60 G 1-65 W2-89
5-87 KiHa4-85 5:36:55.4 +00: 2: 3 H2-53 FI-60 G 1-65 W2-89

KiHa4-86 5:36:55.9 +01:37:43 W2-89
4-255 497 176 Nk93, 5:36:57.3 -07:28:20 HI-53 HI-72 CI-74 01-75 C2-79 Pl-79 P2-82

KiHa76-350, LI-85 EI-86 NI-86 W5-86 88-87 Hl·SS L3-88
IRA805369- 0728 W5-88 C2-89 F2-89 85-8987-89811-89 W4-89

C2-90 M4-90 W2-90 HI-91 MI-91 M2-91 WI-91
KiHa4-87 5:36:57.4 +00:11 :16 W2-89
KiHa76-351 5:36:59.0 -02:28:58 WI-91
KiHa4-SS 5:37: 0.0 +01:28:13 W2-89
KiHa76-352 5:37: 0.0 -06:54:34 WI-91

5-24 5:37: 1.0 -02:13:39 H2-53 KI-59 FI-60 GI-65
KiHa76-353 5:37: 4.0 -03:19:23 WI-91

5-86 5:37: 4.0 -04:14:39 H2-53 KI-59 FI-60
4-461 498 5:37: 4.6 -04:15: 9 P2-82

KiHa76-354 5:37: 6.0 -02: 5:45 WI-91
4-463 500 5:37: 6.5 -07:45:58 P2-82
4-464 501 5:37: 6.8 -07:29:40 P2-82
4-462 499 KiHa76-355 5:37: 7.0 -04:37:49 P2-82 GI-85 WI-91
5-28 KiHa4-89 5:37: 7.5 -02:34:39 H2-53 KI-59 FI-60 GI-65 W2-89
5-25 5:37: 8.0 -02:19:21 H2-53 KI-59 FI-60 GI-65

KiHa76-357 5:37: 9.0 -02:34:51 Wl-91
5-26 RV KiHa4-91 5:37: 9.1 -02:22:22 H2-53 FI-58 FI-60 GI-65 W2-89
5-27 177 V510 8an4, 5:37: 9.1 -02:32:57 H2-53 FI-58 KI-59 FI-60 GI-65 81-71 111-72

KiHa4-90, C2-79 C2-80 M4-80 JI-83 III-SS W2-89 WI-91
KiHa76-356

5-29 RW 5:37: 10.0 -02:44:21 H2-53 FI-60 RI-60 G 1-65
KiHa76-358 5:37:12.0 -03: 0:29 WI-91

4-465 502 5:37:12.5 -07:44:52 P2-82
5-33 V511 5:37: 13.0 -03: 0:46 H2-53 FI-60 G 1-65

Xray63 5:37:17.4 -07: 6:33 83-90
5-30 5:37:21.0 -02:24:58 H2-53 KI-59 FI-60 GI-65
5-32 KiHa4.92, 5:37:22.8 -02:35:15 H2-53 FI-58 FI·t3Q GI-65 W2-89 WI-91

KiHa76-359
5-31 KiHa4-93, 5:37:23.3 -02:26:12 H2-53 KI-59 FI·I)O GI-65 W2-89 WI-91

KiHa76-360
5-34 KiHa76-361 ? 5:37:24.0 -02:48:22 H2-53 FI·S8 KI-59 FI-60 (;(-65 WI-917

KiHa4-94 5:37:27.1 -01 :28:40 W2-89
5-89 5:37:30.0 -00:40:47 H2-53 K 1-59 F (-60 G 1-65
5-36 KiHa4-95, 5:37:30.9 -02:23: 5 H2-53 FI-58 K I-59 Fl-60 G 1-65 W2-89 W 1-91

KiHa76-362
KiHa4-96 5:37:31.6 +01: 1:37 W2-89
Xray64 5:37:32.4 -07:37: 0 83-90

5-35 KiHa4-97 5:37:32.5 -02:18:19 H2-53 FI-60 G (-65 W2-89
Killa4-98 5:37:33.5 -01:28:17 W2-89

5-90 KiHa4-99 5:37:33.7 -00:40:11 H2-53 FI-60 G 1-65 W2-89
4-466 503 5:37:34.2 -04:38:53 P2-82 GI-85
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TABLE 1. CONTINUED.

Haro PC HBC P Name Brun Other RA DEC Referencetl

(1) (2) (3) (4) (5) (6) (7)
(1~~0) (1950)

(10)(9)

IRA505375 0739 5:37:34.4 -07:39: 5 57-89 W2-90

5-39
KiHa76-363 5:37:37.0 -03:16:28 Wl-91
KiHa4-100, 5:37:38.0 -02:35: 5 H2-53 Fl-58 Fl-60 Gl-65 W2-il9 Wl-91

4-468
KiHa76-364

505 5:37:38.0 -06:29:12 P2-82
4-469 506 KiHa76-366 5:37:39.0 -06:23:11 P2-82 Gl-85 Wl-91
4-467 504 P2888 KiHa76-365 5:37:39.0 -06:30:57 PI-54 P2-82 Gl-85 Wl-91

178 P2893 BH 5:37:41.4 -06:17:29 P2-04 PI-52 PI-54 Kl-59 Rl-62 53-71 Hl-72
M2-83

5-38
KiHa4-101 5:37:41.8 -02:23:34 W2-89

5:37:42.0 -02:23:48 H2-53 Kl-59 Fl-60 Gl-65
4-471 508 5:37:42.4 -07:49:54 P2-82
4-473 510 V995 5:37:43.2 -07:11:36 P2-82
4-472 509 5:37:43.7 -06:45: 6 P2-82

KiHa76-367 5:37:44.0 -02:23:59 Wl-91

4-470
KiHa4-102 5:37:45.5 +00:34:25 W2-89

507 5:37:45.5 -05:15:42 P2-82 Gl-85
5-37 KiHa4-103 5:37:45.9 -02:19:43 H2-53 Fl-60 Gl-65 W2-89
4-474 511 KiHa76-368 5:37:46.0 -07:11:25 P2-82 Wl-91

Xray65a 5:37:48.6 -07:10: 5 53-90
493 V350 IRA505378-0943 5:37:49.3 -09:43:42 Hl-29 Pl-46 51-48 Al-51 Tl-52 Kl-54 Wl-55

H2-58 BI-59 H3-60 52-62 G3-74 Hl-88 57-89

5-88
M4-90 W2-90

5:37:51.0 -00: 5: 0 H2-53 Fl-60 Gl-65
5-91 KiHa4-104 5:37:51.0 -00:32:53 H2-53 Fl-60 G 1-65 W2-89

4-475
KiHa4-105 5:37:51.7 -02:35:17 W2-89

512 KiHa76-369 5:37:52.0 -07:20:38 P2-82 Wl-91

4-476
KiHa4-106 5:37:52.9 -01:54: 2 W2-89

513 KiHa76-370 5:37:55.0 -07:27:26 P2-82 Wl-91
IRA505379- 0815 5:37:55.2 -08:15:48 B2-86 W5-il6 57-89 M4-90 Ml-91 M2-91
WBHailil 5:37:58.4 -09:11:13 W2-91

4-478
KiHa4-107 5:38: 0.0 -02: 3:33 W2-89

515 179 H7-4, 5:38: 0.7 -08: 9: 4 Hl-72 DI-75 C2-79 M4-80 P2-82 Hl-88 57-89

4-477
IRA505380-0809 W2-90 MI-91

514 5:38: 1.3 -07: 7:32 M2-63? P2-82
494 Re50, 5:38: 5.0 -07:30:26 B2-86 R3-85 Rl-86 W5-il6 C2-87 M14-87 Z3-87

IRA505380-0728 Hl-88 53-88 W5-88 A6-89 C4-89 F2-89 57-89
511-89 Wl-89 W4-89 H2-90 M4-90 W2-90 Cl-91
Ml-91 M2-91

5-92
KiHa4-108 5:38: 5.2 +01:21:57 W2-89

V513 5:38: 6.0 -00:48:37 H2-53 FI-58 FI-60 Gl-65
4-479 516 5:38: 7.3 -07: 8:44 P2-82

KiHa76-371 5:38: 8.0 -04:33:33 Wl-91
KiHa4-109 5:38: 9.2 +01: 8: 3 W2-89
KiHa76-372 5:38:10.0 -03:32:11 Wl-91
KiHa76-373 5:38:13.0 -06:36:42 Wl-91

5-41
IRA505382- 0805 5:38:13.0 -08: 5:32 57-89 M4-90 MI-91 M2-91

5:38:14.0 -02:32:20 H2-53 Fl-58 FI-60 GI-65
4-4811 517 KiHa76-374 5:38:14.0 -06:33:20 P2-82 Wl-91
5-40 KiHa4-110, 5:38:15.5 -02:12:18 H2-53 Fl-58 FI-60 Gl-65 W2-89 WI-91

KiHa76-375

4-482
IRA5053il3-0731 5:38:19.7 -07:31:23 57-89 W2-90

519 Killa76-376 5:38:20.0 -07:23:55 P2-82 WI-91

5-41
KiHa4-111 5:38:20.7 -02:37:31 W2-89
KiHa76-377? 5:38:21.0 -02:38: 9 H2-53 Fl-58 Kl-59 FI-60 RI-60 Gl-65 Wl-91?
KiHa76-3i8 5:38:22.0 -03: 1:17 Wl-91

4-181
495 DL/G4 5:38:22.0 -08: 6:54 C2-79 Hl-88

518 196 DL/G5 5:38:22.5 -08: 6:24 C2-79 P2-82 HI-88

5-43
497 DL/G3 5:38:22.8 -08: 9: 1 C2.79 Hl-88

5:38:23.0 -02:20:57 H2-53 K 1-59 F 1-60 G 1-65
498 DL/GI 5:38:23.8 -08: 7:28 C2-79 HI-88

5-12
KiHa4-112 5:38:23.9 +02: 4:37 W2-89

5:38:24.0 -01:17:33 H2-53 Fl-60
5-45 5:38:24.0 -03: 1:33 H2-53 Fl-60 GI-65
4-483 520 5:38:24.4 -07:53:33 P2-82

KiHa4-113 5:38:25.9 -01:18:34 W2-89
HD37806, 5:38:30.0 -02:44:15 Ml-33 Hl·64 WI-70 W2-77 P4-81 P2-85
BD-2 1344
KiHa4-114 5:38:30.2 -01:19: 7 W2-89
KiHa4-115 5:38:30.4 -02: 0:26 W2-89
KiHa4-116 5:38:35.3 -00:22:42 W2-89

4-484
KiHa76-379 5:38:38.0 -03:34:57 Wl-91

521 5:38:42.5 -07:48:53 P2-82
WBHail9 5:38:42.7 -09:20:13 W2-91
KiHa76-380 5:38:46.0 -07:16:13 Wl-91

5-46
KiHa4-117 5:38:47.9 -02:39:58 W2.89

5-48
. Kilfa4-118 5:38:49.2 -02: 0:26 H2-53 KI-59 Fl·60 HI-63 W2-89

5:38:51.0 -03: 7:41 H2-53 Kl-59 FI-60 Gl-65

5-58
499 V615 IRA5053ilil- 0224 5:38:53.4 -02:24:19 52-86 M2-87 111-88 W2-90

5:38:54.0 -02: 2: 5 H2-53 FI-60 Rl.60
4-485 522 KiHa76-381 5:38:54.0 -07:27:49 P2-82 WI-91

KiHa4-119 5:38:55.1 -01:44:15 W2-89
KiHa4-120 5:38:56.3 -01:15:19 W2-89

5-47
LkHa286 5:38:58.0 -01:39: 0 Fl-60 Hl-63
KiHa4-121 5:38:58.6 -01:39:29 H2-53 FI-60 RI-60 Hl-63 GI-65 W2-89
KiHa76-382 5:38:59.0 -03:45:36 WI-91

1-186 523 181 DI, 5an5,1I7-3, 5:39: 1.1 -08: 7:21 W1·24 RI-3O BI-39 51.71 CI-74 111·72 Dl·75
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC References

Cl) (2) (3) (4) (5) (6)
(1950) (1950)

(7) (8) (9) (10)
4-486 IRA805390-0807 BI-79 C2-79 P2-82 BI0-82 C7-85 810-85 11-87

HI-88 87-89 W2-90 MI-91 M2-91
5-62 KiHa4-122 5:39: 3.1 -01:40:21 H2-53 FI-60 GI-65 W2-89
5-49 5:39: 5.0 -02:19: 6 H2-53 FI-60

500 NGC2023/C, 5:39: 5.4 -02:18:13 86-7586-83 WI-84 M2-87 HI-88 82-89 03-90
2023/108

4-489 526 5:39: 6.3 -07:54:30 P2-82
4-488 525 5:39: 6.3 -07:57:30 P2-82
5-59 KiHa4-123 5:39: 7.5 -02: 1: 3 H2-53 FI-60 HI-63 GI-65 M3-75 W2-89

WBHa90 5:39: 7.5 -09:13:52 W2-91
5-50 5:39: 9.0 -02:18:12 H2-53 FI-60

LkHa287 5:39: 9.7 -02:16:39 HI-63 M3-75
LkHa288 5:39: 9.8 -01:45:15 HI-63 M3-75

4-487 524 Killa76-383 5:39:10.0 -06:22:10 P2-82 WI-91
KiHa4-124 5:39:10.9 +00:29:45 W2-89
KiHa4-125 5:39:14.0 -01:14:27 W2-89
LkHa289 5:39:15.8 -01:51:15 HI-63 M3-75
NGC2023/H, 5:39:15.9 -02:17:48 86-75 86-83 03-90
2023/105
IRA805393- 0838 5:39:18.7 -08:38:32 87-89 M4-90 W2-90

5-51 5:39:20.0 -01:37:55 H2-53 FI-60 GI-65
5-60 5:39:23.0 -02: 2:37 H2-53 FI-58 KI-59 FI-60 GI-65
5-52 KiHa4-126 5:39:23.5 -01:42:22 H2-53 FI-60 HI-63 GI-65 M3-75 W2-89

527 182 8an6, H7-2, 5:39:25.4 -08: 1:57 81-71 HI-72 CI-74 01-75 KI-78 BI-79 C2-79
IRA$05394-0801 PI-79 M4-80 P2-82 BI0-82 810-85 HI-88 87-89

M4-90 W2-90 MI-91
LkHa290 5:39:25.8 -01:16:27 HI-63 M3-75
KiHa4-127 5:39:26.1 -01:35:40 W2-89
KiHa76-384 5:39:29.0 -02:33:14 WI-91
KiHa4-128 5:39:33.0 -01:13:26 W2-89
KiHa4-129 5:39:33.5 -01:22:41 W2-89
KiHa4-130 5:39:34.7 -02: 0:46 W2-89
KiHa4-131 5:39:36.2 -01:17:23 W2-89

4-490 528 5:39:38.1 -06:25:14 P2-82
KiHa4-132 5:39:38.7 -02:26:12 W2-89
KiHa4-133 5:39:41.0 -02: 6:33 W2-89

5-54 KiHa4-134 5:39:44.5 -02: 8:10 H2-53 FI-60 GI-65 W2-89
5-53 KiHa4-135 5:39:44.7 -01:57:38 H2-53 FI-58 FI-60 GI-65 W2-89

OL/G2 5:39:45.0 -08: 3:33 C2-79
5-55 KiHa4-136 5:39:48.3 -02:17: 4 H2-53 FI-58 FI-60 RI-60? GI-65 W2-89
5-61 5:39:51.0 -02: 1: 3 H2-53 FI-60 GI-65

KiHa4-137 5:40: 0.0 -00:27:12 W2-89
5-56 5:40: 1.0 -01:39: 6 H2-53 FI-60 HI-63 GI-65
4-491 529 IRA805400- 0800 5:40: 2.0 -08: 0:14 P2-82 B2-86 W5-86 W5-88 87-89 W4-89 M4-90

MI-91 M2-91
KiHa4-138 5:40: 2.1 +01:53:10 W2-89
KiHa4-139 5:40: 3.8 -02:30:33 W2-89
KiHa76-385 5:40: 5.0 -05:11: 6 WI-91
KiHa4-140 5:40: 5.6 -02: 3: 2 W2-89
IRA805401-0834 5:40: 6.8 -08:34:16 87-89
KiHa4-141 5:40: 8.9 -02:12:47 W2-89
KiHa4-142 5:40:10.2 -00:36:38 W2-89
KiHa4-143 5:40:14.6 -02:16:44 . W2-89
KiHa4-144 5:40:17.3 +01: 1: 0 W2-89
B 5:40: 18.0 -10: 1: 0 GI-73
A 5:40:18.0 -10: 3: 0 GI-73

4-492 530 5:40: 18.1 -08: 8:24 P2-82
IRA805404-0839 5:40:25.0 -08:39:50 B2-86 W5-86 87-89 M4-90 W2-90
LkHa291, 5:40:27.7 -02:19:57 HI-63 W2-89 WI-91
KiHa4-145.
KiHa76-386
C 5:40:30.0 -09:51: 0 GI-73

4-493 532 5:40:30.2 -08: 2:18 P2-82
531 5:40:31.0 -07:19:24 P2-82

KiHa4-147 5:40:34.2 -00: 7:29 W2-89
5-93 V518 KiHa4-148 5:40:34.4 -00: 0:59 H2-53 FI-60 HI-63 GI-65 W2-89
4-494 533 5:40:36.1 -08: 6:55 P2-82

KiHa4-149 5:40:40.8 -02:15: 2 W2-89
KiHa76-387, 5:40:44.0 -05: 1: 8 WI-91
IRA805407-0501
KiHa4-150 5:40:48.8 -01:41:35 W2-89
8t53 5:40:51.0 +01:22:43 8&.8601-88
KiHa76-388 5:40:56.0 -02:34:41 WI-91

4-495 534 5:41: 0.0 -08:10:57 P2-82
KiHa76-389 5:41: 5.0 -02:44:33 WI-91
8t54 5:41:11.0 -05: 5:15 8&.86
KiHa4-151 5:41:19.2 -02:13:36 W2-89
KiHa4-152 5:41:21.8 -00: 0:20 W2-89
KiHa76-390 5:41:26.0 -05:55:11 WI-91

5-57 V522 KiHa4-153 5:41:32.5 -02:17:52 H2-53 FI-58 Kl.59 Fl·60 GI-65 W2-89
KiHa76-391 5:41:41.0 -07: 1: 2 WI-91
KiHa4-154 5:41:42.8 -00:27:41 W2-89
KiHa76-392 5:41:47.0 -04: 8:20 WI-91
H038238, 5:41:48.0 +00: 9: 0 86-75
BO+OO 1170
KiHa4-155 5:41:49.4 -00: 6:39 W2-89

5-94 V523 KiHa4-156 5:41:57.0 -01:23:31 H2-53 FI-60 GI-65 R7-89 W2-89
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TABLE 1. CONTINUED.

Hara PC HBC P Name Brun Other RA DEC References

jI) (2) (3) (4) (5) (6) (7)
(1950) (119~0) (10)(8)

KiHa76-393 5:41:57.0 -05:38:53 Wl-91
KiHa4-157 5:41:58.8 -01:46:24 W2-89

501 CaKu N2068/1 5:42: 2.0 -01:23:15 C2-79 H1-SS
KiHa4-158 5:42: 2.2 -00:27:20 W2-89
KiHa4-159 5:42: 2.7 -01:27:12 W2-89
LkHa292 5:42: 6.0 -00:22:54 Hl-63 Jl-87
KiHa76-394 5:42:11.0 -04:33: 0 Wl-91
KiHa4-160 5:42:12.1 -01:37:53 W2-89
KiHa4-161 5:42:13.5 -02:15:30 W2-89
KiHa4-162 5:42:20.4 +02:31: 2 W2-89

5-96
KiHa4-163 5:42:25.6 +00:52:42 W2-89

5-95
KiHa4-164 5:42:30.9 -01:11:16 H2-53 Fl-60 HI-63 Gl-65 W2-89
LkHa293, 5:42:39.9 -01:14:48 H2-53 Fl-60 HI-63 Gl-65 W2-89

5-98
KiHa4-165
KiHa4-166 5:42:44.8 -01: 1:15 H2-53 Fl-60 Hl-63 Gl-65 W2-89
KiHa76-395 5:42:48.0 -02:23:11 WI-91
LkHa269, 5:42:52.0 -00:38:18 H2-62 Hl-63 W2-89
KiHa4-167
LkHa268, 5:42:52.1 -00:38:33 H2-62 HI-63 W2-89
KiHa4-167
KiHa4-168 5:42:54.1 -00:41: 2 W2-89
KiHa4-169 5:42:57.3 -00:45:38 W2-89
LkHa294 5:42:58.0 -00:48:54 Hl-63

5-97
KiHa4-170 5:43:10.1 +00:21:49 W2-89
KiHa4-171 5:43:13.2 -00:45:49 H2-53 Kl-59 Fl-60 Hl-63 Gl-65 W2-89
LkHa295, 55V66, 5:43:15.2 -00:13:43 HI-63 M3-75 56-75 52-76 W2-89
KiHa4-172
KiHa4-173 5:43:19.1 +00:32: 0 R7-89 W2-89
KiHa4-174 5:43:19.5 -00:14:32 W2-89
LkHa296, 5:43:23.2 +00:19:13 Hl-63 R7-89 W2-89
KiHa4-175
LkHa297 5:43:26.0 +00: 2:18 Hl-63 Jl-87
KiHa76-396 5:43:27.0 -05: 1:44 Wl-91
KiHa76-397 5:43:28.0 -03:11:15 Wl-91
KiHa76-398 5:43:29.0 -07:45:41 Wl-91
LkHa298, 55V51, 5:43:30.7 +00: 3:50 HI-63 56-7552-7656-83 Jl-87 R7-89 W2-89
KiHa4-176

502 55V61, M78/140 5:43:34.4 -00:13: 4 HI-74 56-75 52-76 Hl-88
LkHa299, 5:43:35.2 +00:12:25 Hl-63 W2-89
KiHa4-178
KiHa4-180 5:43:36.9 -00:32:28 W2-89
LkHa300, 55V49 5:43:45.0 +00: 2:36 Hl-63 56-7552-7656-83 Jl-87

503 LkHa301,55V64, 5:43:45.8 -00: 6:26 Hl-63 56-75 52-76 M4-SO C2-83 Jl-87 Hl-SS

KiHa4-181 R7-89 W2-89
RJ12 5:43:46.0 +01:19:28 R7-89

504 LkHa302, 55V68, 5:43:48.8 -00: 9:59 HI-63 56-7552-76 Jl-87 Hl-88 R7-89 W2-89
KiHa4-182
LkHa303, 5:43:53.8 +00:23:36 Hl-63 56-75 W2-89

KiHa4-183
KiHa4-184 5:43:56.7 +00:24:28 R7-89 W2-89
KiHa76-399 5:44: 0.0 -02:24:52 WI-91
KiHa76-400 5:44: 2.0 -03:54: 0 WI-91
LkHa304, 5:44: 3.2 +00: 0:16 Hl-6356-75? 52-76? 56-83 Jl-87 R7-89 W2-89
55V11, M78/108,
KiHa4-185
LkHa305, 55V34, 5:44:11.7 +00:15:58 Hl-63 52-76 R7-89 W2-89

KiHa4-186
KiHa4-187, 55V14? 5:44:12.8 +00: 8: 2 52-76? W2-89

LkHa306, 5:44:16.3 +00: 3:35 Hl-63 56-7552-7656-83 R7-89 W2-89
55V3, M7~13,
KiHa4-188
KiHa76-401 5:44:24.0 -04:48:37 Wl-91

505 LkHa307, 5:44:31.6 +00:31: 5 HI-63 Hl-SS W2-89 R7-89 W2-90

KiHa4-189,
lRA505445+0031
LkHa308, 55V21, 5:44:33.0 +00:18:29 Hl-63 56-7552-76 R7-89 W2-89
KiHa4-190

506 LkHa309,55V46, 5:44:33.1 -00: 0:14 Hl-63 52-76 Hl-SS R7-89 W2-89
KiHa4-191
KiHa4-192 5:44:33.4 +00:47:30 W2-89
KiHa4-193 5:44:34.9 +02:25:46 W2-89
LkHa310, 55V26 5:44:37.0 +00:18:24 Hl-63 56-7552-76 R7-89

LkHa311 5:44:39.0 +00:44:18 Hl-63
KiHa4.194 5:44:39.5 -02:43: 7 W2-89

187 LkHa314, 55V23, 5:44:40.1 +00: 8: 5 HI-63 HI-72 DI-75 52-76 M4-80 HI-88 R7-89
KiHa4-195, W2-89 W2-90
IRA505446+0008

507 LkHa313, 55V47, 5:44:40.2 -00: 0:45 Hl-63 52-76 Hl-SS R7-89 W2-89
KiHa4-196

508 LkHa312, 55V47, 5:44:40.3 -00: 0:46 Hl·63 52·76 H1·SS R7-89 W2-89
KiHa4-196

509 LkHa315, 5:44:42.8 +00:37:19 Hl-63 Hl-SS R7-89 W2-89

KiHa4-197
KiHa4-198 5:44:43.0 +00:17:22 W2-89
KiHa4-199 5:44:57.0 -01 :10:24 W2-89
KiHa76-402 5:44:59.0 -04:16:17 Wl-91

KiHa4-200 5:45: 0.8 -02: 0:10 W2-89
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TABLE 1. CONTINUEO.

Haro PC HBC P Name Brun Other RA OEC References

(1) (2) (3) (4) (5) (6) (7)
(1950) (1950)

(8) (9) (10)
510 LkHa316, 5:45: 1.2 +00:37:39 HI-63 1"11-88 R7-89 W2-89

KiHa4-201
511 LkHa316/c 5:45: 2.3 +00:38:13 HI-88

LkHa317 5:45: 7.0 -00: 4:24 HI-63
KiHa76-403 5:45: 8.0 -04:51:14 WI-91
LkHa318 5:45:12.0 +00:58:42 HI-63
KiHa4-202 5:45:13.6 -02:27: 8 W2-89

512 LkHa319, 5:45:13.8 +00:39:59 HI-63 HI-88 R7-89 W2-89
KiHa4-203
KiHa4-204 5:45:17.1 -01: 7:43 W2-89

513 LkHa320, 5:45:26.6 +00:33:31 HI-63 HI-88 W2-89
KiHa4-205
KiHa4-206 5:45:37.3 +02: 9:57 W2-89
KiHa4-207 5:45:39.1 +02:34:48 W2-89
KiHa4-208 5:46:13.6 -00:51:48 W2-89
KiHa4-209 5:46:17.9 -00:45:47 W2-89
KiHa4-210 5:46:24.4 -00:29:56 W2-89
KiHa4-211 5:46:27.3 +01: 6:37 R7-89 W2-89
KiHa76-404 5:46:30.0 -05: 7:47 WI-91
KiHa4-212 5:46:43.1 -02:44:55 W2-89
KiHa4-213 5:46:45.4 +01:51:59 W2-89
KiHa76-405 5:46:58.0 -05:41:41 WI-91
KiHa76-406 5:47:18.0 -04:28:53 WI-91
KiHa4-214 5:47:30.8 -00:31:35 W2-89
KiHa4-215 5:47:37.6 -02:41:55 W2-89
KiHa4-216 5:47:51.0 +02:28:50 W2-89
KiHa4-217 5:47:52.0 -01:29:25 W2-89
KiHa76-407 5:47:52.0 -05:41: 5 WI-91
KiHa4-218 5:48: 2.6 +00:46:27 W2-89
KiHa76-408 5:48:11.0 -06:56:17 WI-91
KiHa4-219 5:48:19.4 +01:56: 9 W2-89
KiHa76-409 5:48:24.0 -03:49:23 WI-91
KiHa4-220 5:48:31.7 +02:28:52 W2-89
KiHa4-221 5:48:31.9 +00:17:35 W2-89
KiHa4-222 5:48:43.9 +00: 3:47 W2-89
KiHa76-410 5:48:45.0 -04:48:50 WI-91
KiHa4-223 5:49: 9.1 +00:13: 1 W2-89
KiHa4-224 5:49:19.0 +02: 2:52 W2-89
KiHa76-411 5:49:21.0 -07:25:37 WI-91
KiHa4-225 5:49:34.9 -02:32:28 W2-89
RJ29 5:49:42.0 +01: 2:20 R7-89
KiHa4-226 5:49:47.6 +01:53: 8 W2-89
KiHa76-412 5:49:48.0 -06:55:50 WI-91
RJ30 5:49:55.0 +01:40: 7 R7-89
KiHa76-413 5:49:58.0 -06:58:51 WI-91
KiHa4-227 5:50: 0.5 -02: 4: 6 W2-89
KiHa4-228 5:50: 3.3 -02:49:53 W2-89
KiHa76-414 5:50:11.0 -05:48:29 WI-91
KiHa4-229 5:50:20.1 +01:25:37 W2-89
L1622-1 5:50:22.9 +02: 0:44 01-83
KiHa76-415 5:50:32.0 -03:57:42 WI-91
L1622-2 5:50:41.2 +01:26:11 01-83
KiHa4-230 5:50:48.1 +01: 7:35 W2-89
LI622-3, 5:50:56.6 +02:16:47 01-83 W2-89
KiHa4-231

188 LkHa334, 5:51: 5.3 +01:37:41 HI-72 CI-74 C2-79 M4-80 01-83 Hl-88 Ri-89
L1622-4, W2-89
KiHa4-232
KiHa4-233 5:51:10.1 +01:54: 1 W2-89
KiHa4-234 5:51:21.9 +02:34:37 W2-89

189 LkHa335 , 5:51:22.9 +01:43:38 HI-72 CI-74 C2-79 M4-80 01-83111-88 R7-89
L1622-5, W2-89
KiHa4-235
L1622-6 5:51:26.2 +01 :39:56 01-83
L1622-7 5:51:26.9 +02:35:49 01-83

515 H0288313, 5:51:27.6 +01 :39:43 RI-68 ZI-70 111-77 PI-79 DIO-82 111-88 W2-90
BO+l 1156,
IRAS05513+0139
L1622-8 5:51:31.5 +01:38:30 01-83

190 LkHa336, 5:51:44.4 +01:42:22 HI-72 01-75 C2-79 M1-ilO 01-83 111-88 R7-89
L1622-9, W2-89
KiHa4-236

516 LkHa336/c 5:51:44.8 +01 :42:22 C2- 79 111-88
L1622-S1 5:51:50.2 +01:39:46 01-83
L1622-10 5:51 :51.0 +01:51:48 01-83
LI622-11 5:51:54.5 +01:50:30 01-83

191 LkHa337, 5:52: 2.4 +01:29:22 HI-72 CI-74 C2-79 01·83 111-88 R7-89
L1622-12
L1622-13 5:52:55.5 +01:23:49 01-83
L1622-14 5:53: 2.9 +02:25:32 01-83
L1622-S2 5:53:34.5 +02:12:54 01-83

517 L1622-15 5:54:39.5 +02:28:50 01-83 111-88 R7-89
L1622-16 5:54:47.2 +02: 6:20 01-83
RJ36 5:55:22.0 +02:28: 8 R7-89
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Notes to table 1: identiflcations in column (1)

1. 2023/: faint red stars in L1630, Strom et 01. (S6-15).

2. /c denotes a companion star.

3. A, B, and C: Ho emiasion line stars in OH c\oud G214.5-19.9, Grasdalen et 01. (Gl-13).

4. Chanal's object: a fuor-like star. First found by R. Chanal (apparently unpublished; reported by Hurst (H4-84».

5. Cohen-Schwartz star: heavily obscured T Tauri star, long thought to be exciting star of HH1 and 2, Cohen and Schwartz (C3-19).

6. CoKu N2086: from Cohen and Kuhi (C2-19).

1. DL/G-: from Cohen and Kuhi (C2-19).

8. H1-: Ho emission line stars from Haro1-list, unpublished. See text section 1.

9. KiHa3-: Kiso Ho emission line star survey of area A-0903, Kogure et 01. (K2-89).

10. Killa1a.: Kiso Ho emission line star survey of area A-0915, Wiramihardja et 01. (Wl-91).

11. Killa4-: Kiso Ho emission line star survey of area A.0904, WiramihardJa et 01. (W2-89).

12. KiHa16-: Kiso Ho emission line star survey of area A-0916, Wiramihardja et 01. (Wl-91).

13. L1622-: Ho emission line stars from Ogura and Hasegawa (01-83).

14. LI641-N: optical counterpart of IRAS source, Strom et 01. (S1-89).

15. Lklla: Ho emission line stars. Nrs. 286-320 from Herbig and Kuhi (Hl-63); nrs. 321,324-350 from Herbig and Raa (Hl-12).

16. M18/: faint red stars in L1630, Strom et 01. (S6-15).

11. M1t>-: N1R objects, Strom et 01. (S6-15).

18. NGC2023/: NIR stars from SelIgren (S6-83).

19. Nk: optical counterparts of sources found in NIR survey of an area in L1641, Nakajima et 01. (Nl-86).

20. Re50: from catalogue of nebulous objects in Orion, Reipurth (R3-85).

21. RJ: faint Ha emission line stars, from survey by Robertson and Jordan (R1-89).

22. San: T Tau-type stars, Sanduleak (Sl.11).

23. SS2-: Ho emission line stars, Stephenson and Sanduleak (S2-11).

24. SSV: from 21'm survey by Strom et 01. (S2-16).

25. St: 110 emission line stars, Stephenson (St>-86).

26. Sugano's star: a fuor-like star. First found by Sugano (apparently unpublished; first reported by Kosai (K2-83».

21. Ton: rapid variables found by Hare and Morgan (H3-53), Haro (Hl-54), and Haro and Rivera Terrazas (H2-54).

28. WDlla: Ho emission line stars in L1641, Wouterloot and Brand (W2-91).

29. Xray: optical counterparts to Eindein X-ray sources, Strom et 0/. (S3-90).
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TABLE 2. REFLECTION NEBULAE IN ORlON, ANO OTHER 5MALL NEBULAE WH05E NATURE 15 UNCLEAR.

NAME RA (1950) OEC (1950) OTHER NAME5!50URCE REFERENCE5
vdß42 5:28:48.8 05:42:23 Bu· 5 1281, H036412 opt V1-66 RI-68
vdD44 5:29:34.8 -04:33:02 B8113, OG56, IC420, opt 01-95· 01-63 Vl-66 Rl-68 BI-77

BO-4 1162, H036540 mol K2-77 K2-80
RN045 5:32:00.0 -03:01:00 opt C4-80
Haro6a 5:32:57.0 -05:05:54 Re19a, M42-5, opt Hl-53 R3-85 01-87 B2-88

IRA505329- 0505 nir W3-86
Haro5a 5:33:00.0 -05:05:48 Re19b, M42-6, opt Hl-53 R3-85 01-87 B2·88

IRA505329- 0505 nir W3-86
Re23 5:33:03.7 -06:29:54 opt R3-85
Re24 5:33:05.5 -06:28:34 opt R3-85
PP32 5:33:24.0 -05:29:28 TOri, Har04-123 opt SI-78· Sl.82· SI-83· Pl-93· P2-93" Pl-95"

opt WI-03 P2·04 BI-08 CI-12 Cl-18 LI-19 HI-23
opt Cl-24 Cl-25 Cl·26 CI-27 C2-27 Cl·29 C2-30
opt JI-30 Ll-30 Cl-31 Cl-32 Zl-32 Cl-33 Jl-33
opt BI-34 Cl-34 Cl-35 Cl-36 Cl-37 01·40 Sl-44
opt CI-46 Gl-46 Rl-46 Hl·49 M2-49 Pl-49 Hl-50
opt LI-50 PI-50 LI-51 H2-52 H3-52 Pl-52 HI-53
opt BI-54 PI-54 LI-56 SI-58 Kl-59 H2-60 H2-62
opt Kl-63 KI-64 JI-65 BI-68 WI-69 Fl·70 M3-70
opt Wl-70 S3-71 HI-72 P2·73 B2-74 B2·76 Ml-76
opt Cl-77 B3-77 B4-77 Kl-77 W2-77 G2-78 C2-79
opt Pl-79 Vl-79 M4-80 Fl.82 P2-82 M2-83 FI-84
opt F2-84 H3-84 Fl-85 K2-85 S7-85 Hl-86 57-86
opt B3-87 H6-87 11-87 M9-87 11-87 Hl-88 JI-88
opt Kl-SS K3-SS VI-88 Yl·SS 11-89 M3-89 01-90
opt J3-90 J4·90
nir Gl-70 C2-73 C3-73 P2-73 G3·74 C2-79 B2-81
nir L2-S3 K2-85
mol Tl-81 T2·S3
rad S2-90

Re29 5:33:32.1 -05:04:33 IRAS05334-0504 opt R3-85
Re30 5:33:34.7 -05:05:01 opt R3-85
Re33 5:33:36.2 -05:51:39 opt R3-85
Re34 5:33:40.6 -06:11:07 opt R3-85
RN047 5:33:48.0 -06:27:00 CI08e to HH34 opt C4-80
RN046 5:33:48.0 -06:30:00 CI08e to HH34, PP33, opt HI-53 Kl-59 RI-62 MI-63 A2-72 GI-76 PI-79

V5820ri opt C4-80 P2-82 P2-86
mol T2-S3

Re35 5:33:52.4 -06:23:03 IRAS05338- 0624 opt R3-85 57-89
nir 56-89 57-89
flr B4-89 56-89
mol W5-86 W5-88 HI-91

Re36 5:33:52.7 -06:21:24 opt R3-85
flr 56-89

Re37 5:33:57.0 -06:17:32 opt R3-85
Re38 5:33:57.6 -06:18:19 opt R3-85
Re39 5:33:59.0 -06:20:17 opt R3-85
B8120 5:34:00.0 -06:29:00 opt BI-77
NGC1999 5:34:03.9 -06:43:45 vdB46, PP34, B8122, opt Rl-80" 01-SS" Gl·21 Hl-46 MI-46 Gl-48 Jl-49

BO-6 1253, V3800ri, opt M2-49 H2·52 PI-52 HI-53 BI-54 PI-54 Kl-59
IRAS05339- 0644 opt BI-60 H2-60 H2·62 52-62 JI-66 KI-66 VI-66

opt BI-68 KI-68 Rl·68 01·69 02-69 Ll·70 M3-70
opt Wl-70 ZI·70 53-71 B2-72 HI-72 53-72 Zl-73
opt B2-74 B4-74 Hl-74 11-74 Kl-74 54-74 51-75
opt A2-77 01-77 Gl-77 Hl.77 Gl-78 G2-78 W2-78
optC2-79 G2-79 Pl-79 52-79 Vl-79 51-80 W3-80
opt Gl-81 P5-81 BI0-82 FI-82 M3-82 P2-82 W3-S3
opt Cl-84 C2-84 Fl-84 F2-84 Fl-85 G3-85 K2-85
opt Hl-86 P2-86 51-86 57-86 59-86 B2-87 H6-87
opt 11-87 M6-87 Hl-88 H2-SS K2-88 K3-SS V2-SS
opt Yl-SS Al-89 M3-89 57·89 01-90 J3-90 J4-90
opt 53-90 W2·90 W6-90 Wl-91 W2-91
nir Ml-66 Ml·68 M2-68 Gl-70 Ml-70 Gl-71 Wl-71
nir Al-73 C2-73 C3-73 G3-73 G3-74 A2-77 52·78
nir C2-79 C3-80H2-80 L2-83 Bl-84 Al-85 C7-85
nir K2-85 R5-85 Nl-86 E2-87 B3-87 V2-SS 57-89
nir 511-89
flr E2-85 E 1-86 C6-89 B 1-90
mol W2-72 Ll-73 L2-74 01-75 Gl-80 Ll-81 Tl-81
mol K5-82 W2-83 El-84 Ll-85 L2-85 Tl-86 L3-SS
mol 87-SS C2-89 C2-90 Ml-91 M2-91
rad C2-80 C3-82 E2-87 M4-90

Re42 ,5:34:09.4 -06:17:14 opt R3-85
Re41 5:34:10.6 -06:16:42 opt R3-85
Re43 5:34:12.7 -06:23:04 opt R3-85
Re44 5:34:22.0 -06:22:25 opt R3-85
Re46 5:34:57.7 -05:45:21 opt R3-85
vdB48 5:35:40.7 -00:10:54 BO-O 1034, H037370 opt Vl-66 Rl-68
GM63 5:36:54.0 -00:39:00 opt G3-77
RN051 5:37:03.0 -03:38:00 IRA805371- 0338 opt C4-80
IC431 5:37:47.8 -01:28:59 B8108, vdB50; WH446, opt 01-95· H2-22 51-36 Vl-66 RI-68 02-73 BI-77

H037674, BO-1 1001 opt W2-77
mol M3-75 K2-80

Re48 5:37:54.2 -07:15:29 opt R3-85
rad M4-90

Re49 5:37:59.4 -07:16:13 opt R3-85
Re50 5:38:05.0 -07:30:26 IRA805380- 0728 opt R3-85 Rl-86 Ml4-87 53-SS 87-89 H2-90 W2-90

nir C2-87 M14-87 811·89 A6-89 C4-89 87-89 H2-90
nir Cl-91
flr B2-86 B4-89
mol W5-86 Z3-87 W5-88 Wl-89 W4-89 Ml-91 M2-91
rad Wl-89 M4-90
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TABLE 2. CONTINUEO.

NAME RA (1950) OEC (1950) OTHER NAMES/SOURCE REFERENCES
li33 5:38:12.0 02:28:00 Horsehead Neb, IC434 opt--rr1-95 R1-03 lil-13 B2-13 C2-18 BI-19 lil-27

opt H2-53 RI-68 L2-73 L3-73 02-75 01-83 RI-84
opt NI-85 WI-85 S2-86 MI-87 M2-87 ZI-87 BI·88
opt B2-88
mol C2- 78 S7-82 S2-86 S9-87
nir Rl-tl4 Nl-tl5

IC432
fir S2-&3

5:38:24.0 -01:31:55 vdB51, B8109, WH465, opt 01-95· H2-22 SI-36 VI-66 Rl-68 02-73 BI-77
H037776, BO-I 1005 opt W2·77

B8130
mol M3-75 K2-77 K2-80 SI-81

5:38:24.0 -08:09:00 IRAS05384-0808 opt BI-77 G2-77 S7-89
nir S7-89
mol W5-86 W5-88

vdB53 5:38:57.1 -10:19:29 BO-IO 1261 opt Vl-66 RI-68

NGC20:l3
mol K2·80

5:39:09.3 -02:13:11 vdB52, B8111, opt 01-&3· HI-22 H2-22 Sl-36 C2-37 Vl-66 RI-68
BO-2 1345, H037903 opt LI-68 02-73 S6-75 BI-77 G3-78 01-83 WI-84

opt W3-85 MI-87 M2-87 W4-88 Rll-89 W3-89 W6-90
nir S6-75 S5-83 S6-83 S6-85 S2-89 Rll-89 03-90
nir Ll-91
fir M2-74 EI-75 HI-80 M6-86 B4-89
mol M2·74 Kl.75 M3-75 K2-76 Pl-76 RI-77 W2-77
mol C2-78 Pl·78 SI-81 W2-81 K2-82 W2-82 BI-83
mol W2-83 Xl-S4 LI-85 XI-85 X2-85 G2-87 G3-87
mol H4.87 T3-87 Gl-&3 H3-89 TI-89 S4-89 G3-90

B8131
mol W3-90 JI-90 J2-90 B4-90

5:39:24.0 -08:03:00 PP42, opt SI-71 HI-72 Bl-77 KI·78 BI-79 C2-79 PI-79
Haro7-2, San6, opt M4.tlO BI0-82 P2-82 810·85 P2-86 HI-88 87-89
IRAS05394-0801 opt W2-90

nir CI-14 C2-19 S7.89
mol 01-15 SI-81 T2-83 MI-91
rad M4-90

vdB54 5:39:26.4 -06:16:02 BO-6 1287 , B8126, opt VI-66 RI-68 BI-77
IRA805394-0616 mol K2·80 81-81 W5-86

vdB55 5:40:06.0 -08:10:00 OG75/76, B8132, RN055 opt 01-63 VI-66 RI-68 BI-71
mol C4-80 K2-80 Ml-S4

IC435 5:40:30.9 -02:19:24 vdB57, B8112, WH490, opt 01-95· CI-37 C2-37 VI-66 RI-68 02-73 BI-77
H038087, BO-2 1350 opt W6-90 WI-91

RN056
IRAS05404-0220 mol K2.80 SI-81 W5-86 W5-88 W4-89

5:40:42.0 -03:40:00 opt C4-80
vdB58 5:42:03.9 -Otl:41:4tl BO-81208 opt VI-66 RI-68
B8106 5:43:30.0 -00:13:00 PP44, opt BI-77 PI-79 P2-86

NGC2068
IRAS05435-0015? mol T2-83 W5-86 W5-88 W4-89 HI-91

5:44:13.0 +00:02:00 OG78,79,80, vdB59, opt 01-88· HI-22 H2-22 81-36 C2-37 82-52 81-54
NGC2064,2067, M78, opt HI-63 01.63 MI-65 Vl-66 RI-68 LI-68 M3-70
B8102, WH502, WH503, opt S3-74 S6.75 02-75 BI-77 W2-77 C2-83 M2-84
H038563, BD+O 1177 opt W3-85 W2-86 JI-87 W6-90

nir S3-14 S6-75 C2-83 S5-83 86-83 Ll-91
fir C5-S4 B4-89
mol 81-70 JI-74 J2-74 Ll-74 01-74 B4-75 M3-75
mol K2.76 C2-78 PI-78 NI-79 K2-80 WI-81 LI-81
mol W2-81 W2-82 EI-S4 JI-85 LI-85 Wl-&3 BI0-89
mol K3-89 L3-89
rad AI-86

NGC2071 5:44:42.1 +00:16:28 B8101, vdB60, OG81, opt 01-&3· H2-22 SI-36 C2-37 01-63 VI-66 RI-68
BO+O 1181, H0290861, opt BI-77 01-83 W2-86 B2-87 BI-88 B2-&3 W6-90
IRAS05445+0020, nir 82-16 M4-81 M5-83 S3-85 S4-87 LI-91
IRAS05445+0016 flr S2-IU M6-86 S4-87 B4·89 01-89 SI-89 B5-90

mol JI-74 J2-74 S2-75 CI-78 PI-78 Wl-81 Ml-81
mol P2-81 P3-81 W2-81 BI-82 B2-82 B3-82 B4-82
mol CI-82 C2-82 LI-82 L2-82 L3-82 PI-82 P3-82
mol 81-82 S2-82 W2-82 BI-83 B3-83 SI-83 S8-83
mol Tl·83 SI-84 TI-84 W2-84 F3-85 JI-85 LI-85
mol R4-85 S2-85 TI-85 T2-85 W4-85 BI-86 M4-86
mol R3-86 S4-86 S5-86 T2-86 W5-86 F2-87 13-87
mol M7-87 M8-87 R4-87 Sl-87 S5.87 T2-81 Z2-87
mol C4-88 14-88 SI-&3 T2-88 WI-88 W5-88 B3-89
mol BI1-89 M4-89 TI-88 A5-89 KI-89 K3-89 M2·89
mol M5-89 M6-89 YI-89 C5-90 GI-90 HI-90 Kl-90
mol M5-90 ZI-90
rad B2-83 S1-85

PP45 5:45:00.0 +00:37:42 IRAS05451+0037 opt PI-79 P2-86
flr B2-86
mol W5-86 W5-88

RN051 5:48:24.0 +03:06:00 IRAS05482+0306 opt G2-71 Ml-S4 G4-78 C4-80 MI-84 RI-91
Clo8e to GG08 nir Cl-87 CI-88

flr B2-86

lRAS05487+0255
mol P3-80 G5-87

5:48:45.7 +02:55:02 nir RI-91
flr B2·86
mol Rl·91

B899 5;51:24.0 +01;39;00 vdB62, PP46, opt Vl·66 Rl·68 Bl.11 Pl·19 P2-86
H0288313 mol K2·77 SI-81

GM18 5:53:00.0 +03:23:00 PP47 opt G3-77 PI-79 P2-86
vdB63 5:53:38.7 +01:49:00 BO+1 1163, H0288309 opt Vl-66 RI-68

mol K2·80
B8100 5:54:24.0 +00:38:00 opt BI-77

mol SI-81
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Notes to table 2: identiftcations in columns (1) and (4)

1. B: Dark regions, Barnard (Bl-27).

2. Bs: Bright nebulosities in opaque dust c1ouds, Bernes (Bl-77).

3. DG: Reftection nebulae, Oonchner and Gürtler (01-63).

4. GGO: Objects that look Iike HH objects, Gyulbudagian et GI. (G4-78).

S. GM: Cometary nebulae, Gyulbudagyan and Magakyan (G3-77).

6. Haro4-: Emiuion-Iine star, Haro (Hl-53).

7. Haro7-: Emiuion-line star, Haro (unpublished).

8. JC: Nebulae and Stars Clusters, Dreyer (01-9S-).

9. NGC: Nebulae and Star Clusters, Dreyer (01-88-)

10. PP: Nebulous objects around cometary nebulae, Petrosyan and Petrosyan (P2- 86).

11. Re: Small nebulous objects, Reipurth (R3-8S).

12. RNO: Red nebulous objects, Cohen (C4-80).

13. San: T Tau-type stars, Sanduleak (Sl-71).

14. vdB: Reftection nebulae, van den Bergh (Vl-66).

lS. WH: Star, Warren and Hesser (W2-77).
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TA8LE 3. (CANOIDATE) HERBIG-HARO 08JECTS IN ORlON.

NAME RA (1950) OEC (1950) OTHER NAMES/SOURCE REFERENCES
HH58 5:28:22.7 -04:11:44 IRAS05283- 0412 opt 11.5-88

fir C4-90
HH59 5:29:52.0 -06:31:09 opt 11.5-88

fir C4-90
HH60 5:30:11.4 -06:28:50 opt 11.5-88

fir C4-90
HH83 5:31 :05.3 -06:31:40 Re17, opt R3-85 11.4-89 11.6-89 R3-90 01-91

IRAS05311-0631 mol W5-86 W5-88 W4-89
M42-2 5:31 :34.0 -04:46:48 opt 01-87
HH84 5:31:45.3 -06:35:46 Re18, M42-1 opt 11.2-85 R3-85 01-87 11.4-89 11.6-89
HH131 5:32:18.9 -08:30:03 opt 02-91
M42 HH2 5:32:44.0 -05:24:40 opt FI-76 C2-77 CI-80 WI-82 M3-86 V3-88 W2-88

mol H3-87 MI-90
M42 HHI 5:32:44.1 -05:23:44 opt G2-73 G5-74 M3-74 M3-77 CI-80 WI-82 A3-84

opt J2-85 T3-86 V3-88
mol H3-87 M8-89 MI-90 M6-90

M42 HH5 5:32:44.4 -05:22:18 opt A3-S4 J2-85 V3-88

M42 HH6
mol T2-il4 H3-87 L2-89 M8-89 Ml-90 M6-90

5:32:45.0 -05:22:32 opt A3-S4 V3-88
mol T2-84 H3-87 M8-89 Ml-90 M6-90

M42-3 5:32:45.0 -06:31:36 opt 01-il7
M42 HH7 5:32:45.2 -05:22:43 opt A3-S4 V3-88

mol T2-84 H3-87 M8-89 MI-90 M6-90
M42 HH8 5:32:46.3 -05:24:15 opt A3-S4 V3-88

mal H3-il7 M8-89 MI-90 M6-90
M42 Hll9 5:32:46.4 -05:23:40 opt A3-S4 V3-88

mol H3-87 M8-89 MI-90 M6-90
HHL24 5:32:48.0 +03:55:00 G2-6 opt G2-S4

mol G5-87
M42 HHIO 5:32:48.0 -05:22:34 opt A3-S4 J2-85 V3-88

mol T2-84 H3-87 M8-89 MI-90 M6-90
111144 5:32:48.5 -05:12:19 opt SI-77 V3-88
111133 5:32:51.4 -06:19:32 8.118, Haro9a opt HI-53 HI-74 81-77 C2-83 M4-84 M3-85 S9-86

opt Hl-il7 H7-87 MI3-87 S8-87 V3-88 R6-il9 ZI-89
nir C2-83
fir C5-il7
mol L2-79 H3-80 SI-81 EI-83 H2-83 EI-84 TI-86
mol S3-87 S8-87 L2-il9 VI-89 ZI-89
rad 85-85 C8-89

HH40 5:32:54.4 -06:20: 14 8.118, Haro9a opt HI-53 HI-74 81-77 02 -78 C2-83 M4-84 CI-85
opt M3-85 G2-86 S9-86 HI-87 H7-87 MI3-87 S8-87
opt V3-88 R6-il9 ZI-89
nir C2-83 C 1-85
fir C5-87
mol L2-79 EI-80 H3-80 SI-81 85-83 EI-83 H2-83
mol El-S4 CI-85 TI-86 MII-87 S3-87 S8-87 L2-89
mol VI-89 ZI-89 Z3-89 Z4-89
rad Cl-85 85-85 C8-89

M4211H3 5:32:54.il -05:26:51 opt TI-75 TI-78 CI-80 WI-82 V3-88 W2-88
M42-4 5:32:55.0 -04:42:06 opt 01-87
M42 11114 5:32:55.2 -05:27:06 opt TI-75 C2-77 TI-78 Cl-ilO WI-82 V3-88

opt W2-88
IIIIil5 5:32:57.3 -06:21:37 Re20 opt R3-85 R4-il9 11.6-89
HHI26 5:33:00.4 -06:24:56 Re21 opt R3-85 01-91
H.e22 5:33:02.0 -06:28:54 M42-7, opt R3-85 01-87 S7-89

IRAS05329-0628 nir S7-89
mol TI-86 W5-86 W5-88 W4-89 MI-91 M2-91

lIH34 5:33:05.2 -06:30:33 incl HH34N (M42.8), opt HI-53 PI-54 KI-59 11.1-62 Ml-63 A2-72 82-72
HH34-*7/V571 Ori opt HI-74 GI-76 81-77 P2-82 C2-83 M2-83 C4-84

opt Pl-il5 11.1-85 11.2-85 R2-il6 S9-il6 85-87 86-87
opt 87-il7 C4-87 M12-87 M13-il7 R3-il7 S2-87 01·87
opt 84-88 HI-88 M5.88 11.1-88 S2-88 V3-88 M7-89
opt HI-89 11.6-89 S3-90
nir C4-S4 11.1-85 11.2-86
fir C2-83 C5-S4 C5-87 84-89
mol LI-75 L2-79 H3-ilO SI-ill EI-83 H2-83 C4-84
mol Rl-il5 11.2-86 TI-86 R3-87 S3-87 A2-89 C2-90
rad C2-83 85-85 Ml1-87 Y2-89 YI-90 Y2-90

111145 5:33:06.3 -04:52:43 opt SI-77 V3-88 11.4-89
mol H2-il3

111186 5:33:13.4 -06:37:45 Re25 opt R3-il5 11.4-89 11.6-89
111187 5:33:17.2 -06:39:21 Re26 opt R3-il5 11.4-89 R6-il9
111188 5:33:18.0 -06:39:46 Re27 opt R3-85 11.4-89 11.6-89
HHI27 5:33:25.0 -07:01:47 Re28 opt 11.3-85 01-91
H/l41 5:33:34.0 -05:04:40 Har03a, 8s 115 opt HI-53 HI-74 81-77 SI-77 V3-88

nir C5-80 11.1-83
mol L2-79 H3-8O EI-83 H2-83 S3-87
rad C8-89

111142 5:33:37.0 -05:06:30 Har04a, 8.116 opt HI-53 HI-74 81-77 SI-77 C2-83 Cl-il5 V3-88
nir C5-80 11.1-83 C 1-85
fir C2-83 C5-88
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NAME RA (1950) OEC (1950) OT"ER NAME5/50URCE
""42

""128 5:33:41.0 -05:06:30 Re31, M42-9
H"129 5:33:43.0 -05:06:00 Re32, M42-10
"H3 5:33:46.0 -06:44:55 "arol0a, B8121

TABLE 3. CONTINUEO.

""61 5:33:47.4

""62 5:33:47.5

""1 5:33:55.0

Re40 5:33:57.0

V380 Ori-"" 5:33:59.5

""35 5:34:00.0

""2 5:34:00.0

-07:08:51

-07:12:51

-06:47:03

-06:25:00

-06:44:39

-06:45:00

-06:49:00

"arolla, B8123,
VLAl, C5·,
IRA505338-0647

Nk43, M42-11
IRA505338- 0624

NGC1999, PP34,
B8122, vdB46,
BO-61253,
IRA505339-0644

vdB46, B8122, PP34

"aroI2a, B8125,
VLAl, C5·
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REFERENCE5
mol L2-79 "3-SO Bl·83 H2-83 CI-85 53-87
rad C2-83 Cl-85 C~89

opt R3-85 01-8701-91
opt R3-85 01-8701-91
opt "1-53 MI-63 "1-74 BI-77 02-78 51.78 B4-81
opt 01-82 B5-83 C2-83 J2-83 EI-84 R2·87 V3-SS
opt R4-89 R6-89 Wl-91
nir C5-80 RI0-89
flr C2-83 C5-84
mol L2-79 EI-SO 51-81 EI-83 "2-83 511-83
rad C2-83 M6-83
opt R5-SS 01-91
flr C4-90
opt R5-88 01-91
flr C4-90
opt "1-51 "1-52 "1-53 Al-54 BI-55 BI-56 01-58
opt "1-60 MI-63 Bl.73 "1-73 BI-74 G4-74 "1-74
opt 51-74 52-74 B2-75 G3-75 51-75 53-75 BI-76
opt 51-76 BI-77 Bl-78 B2-78 B3-78 02-78 51-78
opt C3-79 MI-80 01-80 BI-81 B3-81 B4·81 "1-81
opt P5-81 53-81 B7-82 B~82 B9-82 01-82 B5-83
opt C2-83 J2-83 M7·83 M~83 B4-84 C4-84 GI-84
opt "1-84 B2-85 B3-85 B6-85 Cl-85 C4-85 C5-85
opt M3-85 5~85 53-86 59-86 B4-87 El-87 "1-87
opt "2-87 11-87 MII-87 MI3-87 RI-87 5~87 C2-88
opt "1-88 L2-SS R2-88 R3-88 55-88 V3-SS B5-89
opt B6-89 B9-89 "1-89 NI-89 RI-89 R4-89 R6-89
opt 57-89 ZI-89 NI-90 RI-90 WI-91
nir 51-75 C3-79 C5-80 "1·82 C4-84 CI-85 R5-85
nir 5~85 "3-86 NI-86 T4-87 RI0-89 57-89
flr "1-82 C2-83 C5-84 R5-85 "3-86 P2-87 T4-87
flr C5-88
mol LI-74 LI-75 L2-79 EI-80 51-81 B3-82 EI-82
mol K5-82 56-82 EI-83 "2-83 511-83 C3-84 C4-84
mol EI-84 CI-85 Ll·85 T4-85 "3-86 "6.86 R3-86
mol TI-86 W5-86 M3-87 Mll-87 R4-87 53-87 5~87

mol C4-88 Ml-SS ZI-89 Z3-89 C5-90 02-90 "1-90
rad KI-79 C2·83 M6-83 Cl·85 P3-85 Ml1-87 M4-90
rad R2-90
opt R3-85 01-8787·89
nir Nl·86 86-89 87-89
flr B4-89
mol W5-86 W5-88 "1-91
opt RI-80· 01-SS· GI-21 "1-46 MI-46 GI-48 JI-49
opt M2-49 "2-52 PI-52 "1-53 BI-54 Pl-54 KI-59
opt BI-60 "2-60 "2-62 82-62 JI-66 Kl.66 VI-66
opt BI-68 Kl-68 RI-68 01-69 02-69 LI-70 M3-70
opt Wl-70 ZI-70 83-71 B2-72 "1-72 83-72 ZI.73
opt B2-74 B4-74 "1-74 11-74 KI-74 84-7481-75
opt A2-77 01-77 GI-77 "1-77 GI-78 G2-78 W2·78
opt C2-79 G2-79 PI-79 82·79 VI-79 81-80 W3-80
opt GI-81 P5-81 BI0-82 FI-82 M3-82 P2-82 W3-83
opt Cl·84 C2-84 FI-84 F2-84 FI-85 G3-85 K2·85
opt "1-86 P2-86 81-86 87-86 89-86 B2-87 "6-87
opt· 11-87 M6-87 "1-88 "2-88 K2-88 K3-88 V2-88
opt Yl-88 AI-89 M3-89 87-89 01·90 J3-90 J4-90
opt 83-90 W2-90 W6-90 WI-91 W2-91
nir Ml-66 Ml-68 M2-68 Gl·70 Ml-70 GI-71 WI-71
nir AI-73 C2-73 C3-73 G3-73 G3-74 A2-77 82-78
nir C2-79 C3-80 "2-80 L2-83 BI-84 AI-85 C7-85
nir K2-85 R5-85 NI-86 E2-87 B3-87 V2-88 87-89
nir 511-89
flr E2-85 El-86C6-89 P2-87 BI-90
mol W2-72 Ll-73 L2-74 Dl·75 GI-80 LI-81 TI-81
mol K5-82 EI-84 LI-85 L2·85 L3-SS 87-88 C2-89
mol C2-90 MI-91 M2-91
rad C2-80 C3-82 E2-87 M4-90
opt RI-68 "1-74 BI-77 81-78 V3-88 R6-89
mol LI-75 El-83 "2.83811-83 El.84 LI-85
opt "1-51 "I-52 "1-53 Al-54 "1-57 "1-60 MI-63
opt "4·69 Bl-74 "1-74 82·74 B2-75 G2·75 G3-75
opt 81-75 83-75 Bl-76 BI-77 BI-78 B2-78 B3-78
opt 02·7881-78 B2-79 C3-79 Ml-SO B3-81 B4·81
opt "1·81 83-81 B7-82 B~82 B9-82 DI-82 B5-83
opt C2-83 J2-83 M7-83 M~83 B5-84 C4·84 G 1-84
opt "1-84 B2-85 B3-85 Cl-85 M3-85 8~85 C2-86
opt LI-86 83-86 89-86 B4-87 EI-87 "1-87 "2-87
opt 11-87 MI3-87 Rl-87 8~87 C2-88 "I-SS L2-88
opt R2-88 R4-88 V3-88 B9-89 R4-89 R6-89 ZI-89
opt Rl-90 WI-91
nir 81-75 C3-79 C5·80 RI-83 C4-84 CI-85 R5-85
nir 8~85 "3-86 Nl-86 T4-87 RI0-89 811-89
flr C2-83 C5-84 R5-85 "3-86 P2-87 P4-87 T4-87
flr C5-88
mol L2.79 EI-80 FI-80 81·81 EI-82 B3-82 86-82
mol El-83 "2-83 C3-84 C4-84 EI-84 Cl·85 LI-85
mol T4-85 "3-86 "6-86 R3-86 M3-87 Ml1-87 R4-87



TA8LE 3. CONTINUEO.

NAME RA (1950) OEC (1950) OTHER NAME5/50URCE REFERENCE5
tltl2 mol 53-87 :;8-87 Ml-88 Zl-89 Z3-89 D2-90

HH130
rad C2-83 M6-83 Cl-85 P3-85 Ml1-87 M4-90 R2-90

5:34:20.0 -06:51:42 Re45, M42-12 opt R3-85 01-8701-91
HH63 5:34:21.0 -04:27:45 P2441, IRA505343-0427 opt 81-34 Pl-54 H2-62 Wl-69 M3-70 81-72 82-72

opt Hl-72 Al-74 82-76 M2-76 84-77 Kl-78 C2-79
opt P2-82 M2-83 59-83 11-87 Hl-88 K3-88 R5-88
op~ Yl-88 M3-89 W2-90 Wl-91

HH36
nir Ml-66 Ml-68 C2-79 R2-84

5:34:21.0 -06:46:02 88124 opt Hl-74 81-77 V3-88
mol Ll-75 L2-79 H3-80 51-81 El-83 H2-83 511-83
mol El-84
rad M6-83

HH64 5:35:22.3 -07:07:12 opt R5-88
flr C4-90

HH89 5:35:22.8 -06:38:07 Re47 opt R3-85 R4-89
HH43 5:35:45.0 -07:11:06 Haro14a, 88128, opt Hl-53 M2-63 Hl-74 53-74 81-77 02-78 Ml-8O

IRA505357-0710 opt C2-81 01-82 52-83 C4-84 55-85 53-86 59-86
opt 11-87 58-87 L2-88 54-88 V3-88 86-89 89-89
opt 57-89 82-90 Wl-91
nir 53-74 C5-80 86-83 H2-83 52-83 C4-84 54-88
nir 57-89
flr C5-84 C6-85 82-86 C5-87 01-87 C5-88 84-89
mol 01-74 L2-79 H3-8O 51-81 85-83 El-83 52-83
mol C4-84 El-84 W5-86 53-87 58-87 A2-89 Z3-89
mol Z4-89 W4-90 Ml-91 M2-91
rad Mll-87 C8-89

Haro13a 5:35:53.0 -07:03:59 OG69, 88127, opt 01-95· Hl-53 01-63 M2-63 01-70 53-74 81-77
IC429/430, PP37, opt Pl-79 Ml-80 P2-86 59-86 58-87 Hl-88 57-89
V883 Ori, Nk83 nir Al-75 Nl-86 57-89 511-89
IRA505358-0704 mol K2-76 L2-79 T2-83 58-87 L3-88 L4-88 Ml-91

mol M2-91
HH38 5:35:56.4 -07:13:17 B8129 opt Hl-74 Bl-77 C2-83 C4-84 59-86 V3-88

nir C4-84
flr C2-83 C5-87 C5-88
mol L2-79 51-81 El-83 H2-83 C4-84 El-84 53-87
mol A2-89
rad C2-83 C8-89

Har04-249 5:36:17.0 -07:14:14 Nk88, opt Hl-53 M2-63 53-74 C2-79 C4-80 P2-82 59-86
IRA505363-0714 opt G4-87 58-87 Hl-88 V4-88 57-89 W2-90 Wl-91

nir C2-79 Nl-86 57-89
flr 82-86
mol L2-79 58-87 L3-88 L4-88 Ml-91 M2-91
rad M4-90

Har04-255 5:36:57.0 -07:28:18 PP39, M42-13, opt Hl-53 Hl-72 C2-79 Pl-79 P2-82 P2-86 01-87
IRA505369-0728 opt 58-87 Hl-88 57-89 W2-90 Wl-91

nir Cl-74 C2-79 Nl-86 55-8957-89511-89
flr El-86 55-89 W2-90
mol 01-75 Ll-85 W5-86 58-87 L3-88 W5-88 C2-89
mol F2-89 M2-89 C2-90 W4-90 Hl-91 Ml-91 M2-91
rad M4-90

HH65 5:37:53.8 -07:26:36 opt R5-88
flr C4-90

HH66 5:37:55.0 -02:04:04 opt R5-88
GG07 5:38:24.0 -08:09:00 HHL29, RN055, opt G4-78 57-89

IRA505384- 0808 nir Cl-88 57-89
mol P2-79 P3-80 Rl-80 Ml-81 W5-86 G5-87 W5-88
mol W4-89 Hl-91

HH67 5:38:32.6 -01:48:06 opt R5-88
flr C4-90

HH1.30 5:38:42.0 -08:06:00 Gl-16 opt G2-82
mol G5-87

HH90 5:38:53.3 -01:11:39 Re51 opt R3-85 R4-89
N2023HH2 5:38:55.9 -02:24:32 opt M2-87 V3-88
N2023HH1 5:39:00.6 -02:18:52 IRA505391-0217 opt M2-87 V3-88

flr 84-89
mol W5-86 W5-88 W4-89

N2023HH3 5:39:02.0 -02:25:07 opt M2-87 V3-88
N2023HH5 5:39:02.9 -02:18:44 IRA505391-0217 opt M2-87 V3-88

flr 84-89
mol W5-86 W5-88 W4-89

N2023HH4 5:39:03.9 -02:18:24 IRA505391- 021 7 opt M2-87 V3-88
flr 84-89
mol W5-86 W5-88 W4-89

HH68 5:39:08.7 -06:27:20 opt R5-88
flr C4-90

HH69 5:39:15.6 -06:31:18 opt R5-88
flr C4-90

HH91 5:39:24.8 -01:15:00 Re52/53 opt R3-85 R4-89
HH92 5:39:48.6 -01:19:52 Re54, opt R3-85 R4-89

IRA505399-0121 ? mol W5-86 W5-88 W4-89 Hl-91
HH93 5:40:23.4 -01:27:03 Re55 opt R3-85 R4-89
HH94 5:40:56.3 -02:34:14 Re56 opt R3-85 R4-89

rad C8-89
HH95 5:41 :21.5 -02:38:58 ReS7 opt R3-85 R4-89

rad C8-89

HH19 5:43:16.0 -00:06:19 81104 opt Hl-74 81-77 M4-84 M3-85 59-86 Jl-87 Ml3-87
opt V3-88 Zl-89



TABLE 3. CONTINUED.

NAME RA (1950) DEC (1950) OTHER NAMES/SOURCE REFERENCES
HH19 nr C5-87 B4-89

mol Ll-75 Sl-81 El-83 H2-83 B10-89 L2-89 Zl-89
mol Z3-89 C5-90
rad B5-85

HH20 5:43:21.5 -00:04:12 B8103 opt Hl-74 Bl-77 S9-86 Jl-87 V3-88
mol Ll-75 Sl-81 El-83 H2·83 S3-87
rad B5-85

HH21 5:43:26.2 -00:06:07 opt H1.74 S9-86 Jl-87 V3-88
mol Ll-75 L2-79 El-83 H2-83
rad B5-85

HH70 5:43:28.7 -00:06:43 opt R5-88
fir C4.90

HH26 5:43:31.2 -00:15:42 B8107, SSV59?, opt Hl-74 Bl-77 C2-83 S9-86 Jl-87 V3-88
IRAS05435-0015 nir S2-76

fir C2-83 M6-86 C5-88 B4-89
mol Ll-75 L2-79 Sl.81 B3-82 S5-82 S6-82 Bl-83
mol El-83 H2-83 Ml-83 Tl-83 El-84 L1-85 L3-85
mol W5-86 M5-87 S3-87 Z2-87 W5-88 T2-89 W4-89
mol C2.90 Hl-90 H1.91
rad C2-83 B5-85 Ml1-87

HH25 5:43:33.2 -00:14:31 88107, PP44, opt Hl-74 B1-77 C2-83 C4-84 P2-86 S9-86 Jl-87
SSV59, opt V3-88
IRAS05435-0015; nir S2-76 C5-80 Hl-82 C2-83 C4·84
near HH26IR f1r Hl-82 B4-89

mol H3-80 Sl-81 B3-82 S6-82 Bl-83 E1.83 H2-83
mol M1.83 T2-83 C4·84 L3-85 Tl-85 T2-85 M5-87
mol MS-87 Z2-87 R4-87 T2-89 C2.90
rad T3-85

HH24 5:43:34.5 -00:11:07 B8105, M78A-E, opt Hl-74 S2-74 S3-74 82-75 G3-75 S3-75 S6-75
SSV63, opt 81-77 D2·78 Sl·79 85-83 C2-83 85-84 C4-84
IRAS05435-0011 opt C3-86 C4-86 S9-86 Hl-87 11-87 Jl-87 M12-87

opt S2-87 S6·87 S7-87 L2-88 89-89 M7.89 R2-89
opt Zl-89
nir S2·74 S3-74 S6.75 S2-76 C5-80 Hl-82 C4-84
f1r H1.82 C2-83 C5-84 82-86 C5-87 84-89
mol D1.74 Ll-74 P2-79 EI-SO H3-80 P3-80 Ll-81
mol Sl-81 W1·81 56-8281-83 El-83 H2-83 Ml-83
mol C4-84 El-84 Ji-85 Ll-85 L3-85 W5.86 C4-87
mol M5-87 MS-87 Z2-87 Hl-90
rad C2-83 82-84 85-85 Mll-87

HH22 5:43:40.6 -00:06:37 opt Hl-74 S9-86 J1-87 V3-88
mol El-83 H2·83
rad 85-85

HH23 5:43:41.2 -00:04:37 opt Hl-74 C1-85 59·86 Jl-87 V3-88
nir Cl-85
mol El-83 H2-83 Cl-85
rad C1·85

HH27 5:43:49.5 -00:14:46 opt H1·74 S9-86 Jl-87 V3-88
mol Ll-75 L2-79 S6-82 El-83 H2-83 Ml-83 1,3.85
mol S3-87 810-89 L2-89 C2-90 C5-90

HH7l 5:44:46.1 +00:39:43 opt R5-88
f1r C4-90
mol P2·79 P3-80 R1-80 G5-87

HHllO 5:48:47.5 +02:54:07 opt Rl-91
mol Rl-91

HHlll 5:49:08.9 +02:47:50 IRAS05491+0247 opt R5-89 R6-89 Rl-91
nir R5-89 Rl-91
mol Rl-91

HH112 5:49:14.4 +02:59:47 opt R1.91
mol Rl-91

HH113 5:50:57.2 +02:43:07 opt Rl-91
mol Rl-91

GGD9 5:53:00.0 +03:23:00 11IIL33 opt G4-78
nir C1-88
mol Rl-80 G5-87
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Notes to table 3: identifications in columns (1) and (4)

1. Bs: Bright nebul08ities in opaque dust douds, Bernes (BI- 77).

2. CS·: Star found by Cohen and Schwarz (C3-79).

3. OG: Retlection nebulae, Oorschner and Gürtler (01-63).

4. G1-: Candidate HH objects, Gyulbudagian (G2-82).

5. G2-: Objects looking Iike HH objects, Gyulbudagian (G2-84).

6. GGO: Objects that look like HH objects, Gyulbudagian et GI. (G4-78).

7. Haro·a: Peculiar objects, Haro (lU-53).

8. HHL: Herbig-Haro-like nebulosities, Gyulbudagian et GI. (G5-87).

9. M42-: Candidate HH objects, Ogura (01-87).

10. M87A-E: Herbig-Haro objects, Strom et GI. (S4-74).

11. N2023HH: Herbig-Haro objects in the vicinity of NGC2023, Malin et al. tM2-87).

12. Nk: Near IR sources in L164I, Nakajima et GI. (NI-86).

13. PP: Nebulous objects around cometary nebulae, Petr08yan and Petr08yan (P2- 86).

14. Re: Small nebulous objects, Reipurth (R3-85).

15. RNO: Red nebulous objects, Cohen (C4-80).

16. SSV: from 2 micron survey by Strom et GI. (S2-76).

17. vdB: Retlection nebulae, van den Bergh (V1-66).

18. VLAI: Radio source, Pravdo et al. (P3-85).
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TABLE 4. MOLECULAR OUTFLOWS IN ORlON.

NAME RA (1950) DEC (1950) IRAS SOURCE REFERENCES
UnA-w 5:30:14.5 -05:37:52 IRAS05302-0537 F2-86 Fl-88 Fl-89
OMC2 5:32:59.6 -05:11:32 IRAS05329-0512 F2-85 Fl-89
L1641-n 5:33:52.7 -06:24:02 IRAS05338-0624 F2-86 Fl-88 F2-88 Fl-89 W5-90 Ml-91 M2-91

Nk43, Re35
5:33:57.8 -06:26:44 IRAS05339-0626 Ml-91 M2-91

NGC1999 5:33:59.4 -06:44:45 IRAS05339 -0644 S6-82 El-83 Sl1-83 T2-83 El-84 Ll-85 L2-85
V3800ri L3-88 L4-88 Fl-89 Ml-91 M2-91

OriA-e 5:34:11.0 -05:30:03 IRAS05341-0530 F2.86 F1.89
5:34:15.4 -06:39:44 IRAS05342-0639 M1-91 M2-91

Ori-I-2 5:35:33.2 -01 :46:50 IRAS05355-0146 Fl-89 S9-89 S10-89
L1641-c 5:36:20.9 -07:02:43 IRAS05363-0702 Fl-88 F2-89 Ml-91 M2-91
Har04-255 5:36:56.4 -07:28:14 IRAS05369-0728 L1-85 L2-85 Fl-88 L3-88 L4.88 Fl-89 F2-89

M2·89 M1.91 M2-91
L1641-.3 5:37:31.1 -07:31:59 IRAS05375-0731 Fl-89 F2-89 W5-90 Ml-91 M2-91
Re50, L1641-. 5:38:02.7 -07:28:59 IRAS05380-0728 F2-86 Rl-86 Fl-88 Fl-89 F2-89 Ml-91 M2-91

5:38:22.6 -08:07:13 IRAS05383-0807 Ml-91 M2-91
L1641-.4 5:38:24.6 -08:08:20 IRAS05384-0808 F1.89 F2-89

GGD7
L1641-.2 5:40:23.2 -08:18:26 IRAS05403-0818 Fl-88 Fl-89 F2-89 W4-89
HH261R 5:43:31.1 -00:15:28 IRAS05435-0015 S5-82 S6-82 Bl-83 El-83 El-84 Ll-85 Fl-89

B.106
HH24 5:43:34.2 -00:11:08 IRAS05435-0011 S6-82 Bl-83 El-83 El-84 Ll-85 Fl-89

SSV63
NGC2068H20 5:43:58.0 -00:04:00 IRAS05437-0001 El-84 Ll-85 Fl-89

NGC2068
NGC2071 5:44:30.3 +00:20:42 IRAS05445+0020 B1.82 B2·82 L3-82 Bl-83 B3-83(HI) El-84 Sl.84

W2.84(HCO+) F3-85 Ll-85 R4-85 S4-86 S5-86
M5-86(OH) F2-87 M7.87(OH) M8-87(OH) S5-87
Sl-88(CH) Tl-88(NH3) Fl-89 Al-89 M2-89 M6-89 Kl-90
M5-90

NGC2071-n 5:45:07.8 +00:37:41 IRAS0545l+0037 F2-86 13-87 14-88 Fl-89
PP45

IRAS05487+0255 5:48:45.7 +02:55:02 R1·91
HHlll 5:49:09.1 +02:47:48 IRAS0549l+0247 F1-89 Rl-91

TABLE 5. H20 MASERS IN ORlON.

NAME
OMC22
OMC2(1)
HHI
IRAS05375-0731
IRAS05413-0104
HH19-27
NGC2071

REFERENCES
C2-78 R2-83 C4.88 C5-90
M2-76 R2-83 C4-88 B3-89 C5-90
L2-75 H2.83 C4-88 C5-90
W5-86 C4-88 C5-90
W4-86 W5-86 C4·88 W4-89 C5-90
H2·83 C4-88 C5-90
52·75 P1-77 C1.78 51.81 L2-82 S2-85 W5-86
B3-89 C5-90
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In red light, the most conspicuous feature of CMa OBI is the long arc of emission nebulosity
S296, and the nearly circular nebulosity IC 2177 surrounding the Be star HD 53367: see the
ESO Schmidt photograph, Fig. 1. The famous Herbig Ae/Be star Z CMa is embedded in
~ dark cloud at the outer edge of S296; identifications of many of the early-type and other
mteresting stars in the region are shown in Fig. 2. One unexpected object within the ring
is the very bright carbon star W CMa, which itself is unusual among C stars in that it
illuminates a faint reflection nebulosity of its own.

A color magnitude diagram based on the early-type stars in this region was published by
Claria(1974 a,b), from which a distance of 1.15 kpc was estimated, which locates the associ
ation on the Orion Arm. Recently, Ibragimov and Shevchenko (1990) obtained photometry
and spectra of 154 early-type stars and derived a distance of 930 ± 120 pc. Since the as
sociation lies very nearly in the galactic plane, and because the background is not obscured
significantly by dust associated with CMa OBI, there is some contamination of the ficld by
distant stars in the next arm. Other photometric studies of association members were done
by Feinstein (1967), Eggen (1981) and de Geus, Lub and van de Grift (1990). The most
recent detailed mapping of the region in CO is by Machnik el al. (1980); their CO map of
the area is shown as Fig. 3.

Herbst and Assousa (1977) noted that S29G and fainter nebulosity to the north and east
define a ring about 3°. in diameter. Since there was no luminous early-type star near the ring
center (which is confirmed by the far ultraviolet image of the field by Henry cl al. 1988),
they proposed that the shell was in fact an old supernova remnant, and that star formation
had been induced in CMa OBI through compression of ambient material by the expanding
shell. This idea was reinforced by the fact that one early-type star which lies within the ring,
HD 54662 (06.5 V), is not only weIl offcenter but has a radial vclocity differing about 30
km S-1 from the mean association velocity. Although no rcliable proper motion is available,
the foregoing suggested to Herbst and AssolJsa that HD MGG2 may be a runaway 0 star
and thus additional evidence for a supernova event about 8 105 years ago. That agc, dCI'ived
from supernova shell theory, was regardcd as acceptably near the age of 3 105 years obtained
by Herbst, Racine and Warner (1978) frolll thcir color magnitude diagram of the OB stars
(although Claria earlier had estimated thc age as 3 106 years). See also thc review by Herbst
(1980).
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Reynolds and Ogden (1978) improved the information on the gas velocities in the region
(the work of Herbst and Assousa was based on 21 cm data) by measuring the Ha, [N II] and
[0 III] lines with a Fabry-Perot spectrometer. They confirmed that the large shell was in
expansion with a velocity of about 13 km s-l, but considered that models involving strong
stellar winds or an evolving H II region were equally plausible alternatives to the supernova
hypothesis. They noted that the ultraviolet fluxes of the two hot stars within the ring,
HD 54662 and 53975 (07.5 V), were quite sufficient to account for the temperature and
ionization of the shell. Weak diffuse interstellar bands were observed towards several early
type stars by Whittet and Blades (1980).

The CMa OBI region was examined for emission-Ha stars by Wiramihardja et al. (1974).
Those that were found within the borders of Fig. 1 are indicated by double lines in Fig.
2. The two-color diagram for the emission-line stars, the brighter being OB stars, in the
region is shown in Fig. 4. These data are from Clarici (1974a), but the diagram itself is
from Wiramihardja et al. Recently, Schwartz, Persson and Hamann (1990) also found Ha
emission stars in the region.

Among the stars in the region, Z CMa has attracted most attention (see Herbig 1960 for
early references). The star is located in a complex region at the edge of the large molecular
shell behind S296 (see Fig. 5). Low and high resolution optical spectra are presented by
Covino et al. (1984), Finkenzeller and Jankovics (1984), Finkenzeller and Mundt (1984),
and ultraviolet speetra by Kenyon et al. (1989). Significant spectral changes have been
discussed by Covino et al. (1988) and I-Iessman et al. (1991). Photometrie variability has
been investigated by Kolotilov (1991). A major well-collimated Herbig-Haro jet emanating
from Z CMa was discovered by Poetzel, Mundt and Ray (1989). Recently, Hartmann et
al. (1989) suggested Z CMa is a FUor. Leinert and Haas (1987) and Koresko et al. (1989)
have made near-infrared speckle observations which show Z CMa to be highly elongated
with a size of about 0.1" at 2.2/lm, perhaps due to a disk 01' a elose companion. Recently,
more detailed near-infrared speckle interfcrometric observations confirmed the presence of a
companion at aseparation ofO.l" at a PA = 1220 (Christou et al. 1992, Koresko et al. 1992).
Sub-millimeter observations reveal large amounts of cold dust around Z CMa (Weintraub,
SandelI, and Duncan 1991). The star has also been detectcd at centimetel' wavelengths by
Cohen and ßieging (1986).
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Figure 1. The CMa OB 1 region as seen on a red bSO Scillnidt rlat(·. The a.r of emission
nebulosity is Sharpless 296.
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Low Mass Star Formation in Puppis and Vela

Bertil Pettersson

Astronomical Observatory
Box 515, S-751 20 Uppsala,

Sweden

1. Introduction

The region of Puppis anel Vela encompasses roughly the galaetic longitude interval
240° < I < 280°. In this area of the southern Milky Way we find among other features the
huge Gum Nebula with a diameter of 36° and centered at 1= 258° and b = -2°(Chanot and
Sivan, 1983), and the Vela spiral arm feature at 1 ""265°, as delineated by different types
of spiral arm tracers. In the longitude range 257°-274° we also find the Vela Molecular
Ridge, VMR. This feature is describcd by May et al. (1988) as a ridge of intense eompaet
molcCldar emission peaks, found during a low-resolution 12CO survey of the third galaetie
quadrant. Murphy and May (1991) conc1ude that the VMR eonsists of a group of at least
four 105

- lOG1\10 giant molccular c10uds bctwcen 1 and 2 kpe from the Sun. The VMR is
certainly a featurc wcll worth of future study with southern millimeter teleseopes.

This chaptcr will predominantly deal with the rcgions of low-mass star formation found in
Puppis and Vela, mainly rclatcd to the Gum Nebula. I will not make any attempt to include
the prolifie field of major surveys made at a variety of wavelengths unless they are more or
Icss restrieted to thc galaetie longitudcs undcr consideration here.

2. Thc Gum Ncbula

Thc Gum Ncbula is a large ""36° diameter shcll strueture of ionized gas eovering most of the
Puppis- Vela region. lt was originally dcscribcd by Gum (1952, 1955) who found it during
the course 01' an 1I1I-survey of the southcrn Milky Way. Hs distanee has been estimated to
about ,150 pe, bascd on uvby photometry of a number of B stars seen towards its eentral
parts (Brandt et al., 1971). The nature and origin of the nebula is not clearj several models
exist to explain it as a fossil Strömgren sphere, a supernova remnant, an evolved HIl-region
or a stellar wind bubble.

Associatcd wit.h tllC Gum Nebula is a syst.{~111 of dark opaque c10uds with bright rims and
faintly luminous tails pointing away from thc ccntre of the nebula. These clouds were named
cOll1etary globulcs (CG:s) and they lic morc or Icss on an annulus with a radius of roughly
10° and wit.h a ccnt.re offset ""4° south from that of the large ncbula. 36 eometary globules
have so far been reportcd in the Gum Nebula (llawarden and Brand, 1976; Sandqvist, 1976;
Rcipurth, 1983; Zcaley et a1., 1983) and a model for their formation as the left-over dense
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eores of larger clouds has been proposed by Reipurth (1983), in whieh the UV radiation field
from energetie field stars (notably ( Pup and ,2 Vel) has evaporated the outer part of the
clouds leaving the eores behind as Bok globules. The tails are explained as left over material
in the "shadow" of the core together with material ablated from the eore. Another scenario,
where the blast-wave from a supernova explosion is responsible for the forming of eometary
globules, has been suggested by Brand et al. (1983). In this model the blast-wave sweeps
past a cloud-clump, generates internal shoeks that eollide and eompress cloud material and
generate a rarefaetion wave that eauses material to stream out in a tail.

Although no massive star formation is seen today in the Gum Nebula we still find a number
of, mostly isolated, low-mass star forming events, assoeiated both with eometary globules
and with other dark clouds seen in this direetion. Those that are likely to be assoeiated
with the Gum Nebula will be treated in this seetion.

2.1 Star formation in cometary globules

Low-mass star formation has been deteeted in or near the eometary globules CG1, CG13,
CG22 and CG30/31. Several other globules have been searehed for Ha-emission stars
by Reipurth and Pettersson (1992) but with negative result. They include CG2, CG5-6,
CG8-10 and CG14-18. Below is a summary of the eases where star formation has been
deteeted:

2.1.1 GGl and NX Pup

CG1 = DC255.8-9.2 (Hartley et al. 1986) is a fairly large eometary globule with a 2 1

diameter opaque head, an unusually broad bright rim and with a 25 I long tail stretching away
from the centre of the Gum Nebula. If we adopt the distanee of 450 pe, this corresponds
to linear dimensions of 0.3 pe and 3.2 pe respeetively. Harju et al. (1990) have made a
detailed study in moleeular lines of CG1 and arrive at a total mass of 20 - 45 M0 . At the
front edge of CG1 there is astar, NX Pup = CoD-44°3318 = CPD-44°1442 = Hen3-32
(Henize, 1976) = Bernes 135 (Bernes, 1977). This star has been extensively observed by
e.g. Brand et al. (1983), Reipurth (1983) and Tjin A Djie et al. (1984). It also appears
in the eatalogue of Herbig Ae/Be stars by Finkenzeller and Mundt (1984). Brand et al.
and Reipurth present speetroseopie and photometrie data (UBV, uvby, JHKL) and Tjin A
Djie et al. present IUE speetroseopy and photometry in the Walraven, Johnson UBV and
Cousins VRI systems. From these observations it is obvious that NX Pup is variable, that it
has a substantial infrared exeess, and that its speetral type is AO-1 111 as derived from IUE
speetra (Tjin A Djie) to FO-2(III) as detived from optical speetra (Irvine 1975, Brand et al.
1983, Reipurth 1983). The diserepaney between the UV and the optical speetral types is
explained by Tjin A Djie et al. as due to the G-band being formed in a eireumstellar shell and
not in the photosphere of the star. The UV classifieation is also supported by Finkenzeller
(1985) who assigns the star a speetral type of Ale. The eonclusion is then that NX Pup
is a pre-main-sequenee star of the Herbig Ae type (Herbig, 1960), lying on the evolutionary
track of a 2.5 - 3 M0 star and with an age in the interval 8 . 105 - 1.2· 106 years.
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2.1.2 CG13

CG13 = DC259A-16A = Sa102 (Sandqvist, 1977) is a large diffuse globule with a rather
ineonspieuous tail and with an opaque eore surrounded by an extended bright rim. It is
assoeiated with a nebulous star, Bernes 136, whieh is an F-star merely passing through the
globule (Reipurth, 1983). Reipurth and Pettersson (1992) report the presence of a 15:th
magnitude Ha-emission line star at the projected distance of 2 pe in front of CG13. The
.star, designated CG-Ha8, is of speetral type Ml-2 and its spectrum shows strong Balmer
emission lines. Reipurth and Pettersson propose that this star was formed in the outer
envelope of a larger eloud that was the progenitor of CG13.

2.-1.3 CG22 and WRA220

CG22 = DC253.6+2.9 is the largest of the eometary globules in the Gum Nebula. It has a
1: 5 by 2: 5 bright-rimmed opaque head and a long luminous tail, exeeeding a degree in length
eorresponding to 8 pe at the proposed distance of 450 pc. A detailed investigation of the far
infrared properties of CG22 can be found in Sahu et al. (1988). They show that the globule,
besides the dense head, also have two condensations in the tail. One Ha-emission star, Wray
220 = PHa92 (Pettersson, 1987b), is seen projeeted on the head of the globule. Reipurth
and Pettersson (1992) have performed UBV and JHKLM photometry and low-resolution
spectroscopy of the star. It is elear that the star is varying in the IR with an amplitude of
004 magnitudes in the K-band. It also exhibits an infrared excess. The speetrum shows a
K2 eontinuum and emission lines -of Ha - H, and of the forbidden [OI]-lines at 6300 A and
6363 A. It seems likely that this is a T Tauri star that was formed in or elose to the head
of CG22.

2.1..-1 CG30/31 and HH120

CG30/31 = DC253.0-1.7C is a fairly large complex of globules and dark elouds, cf. Fig. 1.
It is eomprised of the cometary globules CG30, CG31ABCDE, CG38 (Reipurth, 1983) and
the dark elouds DC252.9-1.6 and DC253.1-1.7 (Pettersson, 1987a). CG30 eontains the
Herbig-Haro object HH120 = Re2 (Reipurth, 1981) seen towards the centre of the globule.
Pettersson (1984) has made a detailed study of CG30 in the optical and near infrared. He
found that the spectrum of HH120 belongs to the elass of very low excitation (VLE) Herbig
Haro objects and that the HH spectrum is restricted to a bright knot in the western part
of the object. The rest of the nebula was proposed to be scattered light from the hidden
energy souree. Scans of the globule at 2.2JLm revealed 5 IR sourees, at least two of which
were background stars. Of the remaining sources two, CG30-IRS3 and 4, were elose to
HH120. CG30-IRS4, slightly south-east of the nebula was proposed as the star exciting
HH120 and responsible for the reflection nebula. A spectrum of the reflection part of the
nebulosity shows a prominent and red continuum. This is also evident in an IRAS low
resolution spectrum of the source published by Cohen (1990). A red continuum is seen but
without any obvious spectral features. JHKLM photometry of the infrared sources is also
reported. Far infrared observations were made by Cohen et al. (1984) between 53JLm and

71



.'

..'

, "

. "

.'

.. ,

...... ,':

':. ..

0.. •
"'. ~ .

. ..;

" ......., .....

. ,,°.
0

,. :

.. . ,

. 'r·" ' '. ~ •.. ,... .•. . +
• I. ' ••• ',~'.', ", .. ,-:...:.;, ,

.... . ",

. :°0 ••

.,.

, ~ ..::
... ,. '.:'.

.. ' 0.

•

./."
.'

.'/{~.::~i" .:~: ;' .. >:.~.::~ .;..~:.: ..t,:·;'/f); ····~':l .. :~.,.:•. ~ >!~:: :~~; ~ ~::';/.; /:~:~:;':~.'.:
~. ~ t ·,,0..... : ..... ~ \•••:,..... ,.......~.~•. :.,.~ • .,.-:' ....f.:. 0. 0', ,'.

,'.

''- ••., + ., . :0 ••• '"oe t

,'..
.

.! ...- ....' ...

,,.~ ~;":~: ::::{ !;":;::(~:r~ ::, .
.. . ' . 0...

~. ....; ....~...~..::~::<.;',' ~'..::~j.:.:' .• ,\ .~.;::, ,:",,

.«~(: ~;,~}(:: :"~'::-'::;:~::~:. .... .\;... "~~': ....:

. .. .. •.. .' ,. • ".;" CG31A ", ,'. .....,.., . •
~ ':~..:.~ :. ':.. ,;< ::' ... :'.:,: ...:,.,::./~'. B~:~·; .:·'t2~·- :.. ~': r·,,·· '
• •.••• .. o' • '.,. ~ • '- •.• \. -.:." ~ •. \ +.' 5'.' . \ "
:. '~i>':':: CG30 " •. ~"'" ''';~., ;' ':t, ,.,.. ' '., ..~. :'.~ .., .-::

': :::....:: 1+ ..~~" ~ 1 ',' '<,~ .~..:::'; ..:.:. ':'r!::~" ~~'~~;: .~.:~ :i..:" :~::.;.. '! /: . -: ..•...:
\ .. ~ ,0. • ·\f. 0J '" .. '.,. ....... -" t.I,. '0\ ." .;,. ,~... • ......

.~t~0X~;;];;~;~:i~~~I~·~@i.~~::;~i:.!.;i;::;~:·:~t.~;;i:~?: "0.:

Figure 1. The Cometary Globules CG30, CG31A-E, and CG38 in the Gum Ncbula. The
Herbig-Haro object lIII120 is seen towards the centre of the head of CG30 (tower left). This
globule also contains a young star, CG30 IRS4, that excites I!H120. North is up and east is to the
left in the picture. Photograph reproduced from the SRC(J)-survey.

130j.lm. Graham and Heyer (1989) present JIfKL photomctry and use III imaging to idcntify
CG30-IRS4 in an image taken at 2.2/.Lm with an III array dctcctor. Thc position agrees
within the observational errors with the source found by Pcttcrsson. The source is also listed
in the lRAS Point Source Catalogue as lilAS 08076-3556 and these f1uxcs have been uscd
to derive a bolomdric luminosity of 17.8-18.6 L0 for CG30-IIlStl (ßerrilli ct al., 1989; Cohen
and Schwartz, 1987). Indications of mass outflow was found by de Vrics cl al. (1984) from
observations in thc 12CO line, They also state a VLSR of +5.2 km S-I for the globule. OJberg



et al. (1991) have mapped the eomplex in 13CO, and the region around CG30 IRS4 in 12CO.
Sehwartz et al. (1987) and Wilking et al. (1990) report deteetion of H2 1--+0 S(l) emission
from HH120, eonsistent with the view that H2-emission is mainly found in low excitation
HH objeets. The refleetion nebulosity has been further studied by Cohen et al. (1986) who
obtained an optieal speetrum of the "halo" surrounding the HH120 knot. They confirm the
presenee of a red eontinuum but not the stellar features reported by Pettersson. Searrott
et al. (1990) have studied the CG30 nebulosity with an imaging polarimeter. Theyeonfirm
Pettersson 's eonclusion that the shoeked emission is eoncen~rated to the bright western knot
and that the rest of the nebulosity is seattered light. Polarization maps are published that
allow determination of the position or the illuminating souree whieh is found to eoincide
with that or CG30-IRS4 and IRAS 08076-3556. It is suggested that the refleetion nebula
represents the walls of a eavity exeavated by outflow aetivity from the embedded souree.

Pettersson (1987a) has also reported the presenee or 3 T Tauri stars in front of the CG30/31
eomplex, PHa12, 14 and 15. They are on the side raeing the interior of the Gum Nebula at
a projeeted mean distanee of 0.6 pe in front of CG31C (PHa12) and CG31B (PHa14 and
15). It seems likely that these stars were formed during an earlier phase from material from
the preeursor cloud to CG30/31. An additional Ha-emitting star, SPH 37, has been found
by Sehwartz et al. (1990) about 51 NE or PHa15.

2.2 Star formation in other dark clouds

2.2.1 Sa101

Sa101 = OC259.2-13.2 is a rather large, diffuse cloud with a dense L-shaped eore region.
It is obviously assoeiated with the nearby eometary globules CG4 and CG6. Reipurth
and Pettersson (1992) have identified 7 Ha-emission line stars towards Sa101, CG-Ha1 - 7.
CG-Ha2 - 6 are seen towards the opaque eentre or the cloud, CG-Ha1 is about 30 I to the
south-west and CG-Ha7 is between Sa101 and the eometary globule CG4. Low-resolution
spectra in the spcetral range 4200 Ä to 7100 Ä are presented. All stars are found to be of
late type (K2 - 1\14) and they all have prominent Ha-emission and, in some eases, also lines
from [01] at 6300 Ä and 6363 Ä. They are proposed to be likely eandidates for T Tauri
stars, duc to their speetral appearanee and their assoeiation with the dark material.

2.2.2 Sa109 wilh Re4 and ReS

In the dark cloud Sa109 = OC265.8-7.4 Reipurth round two nebulous objeets, Re4 and
Re5, that were ineluded in his list or small nebulae and Herbig-Haro objeets (Reipurth,
1981). lloth objeets are lying in dust eoneentrations in the large Sa109. Graham (1986)
has presented extensive observations or Re4 and 5, both speetroseopy, inrrared photometry
and deep imagery, that are summarized bclow. A deep CCO image revealed that Re4 is
made up or two parts, a bright Re4 head elose to a 15:th magnitude K5V (foreground-) star
and arainter extended lail extending about 11 towards the south. Re5 is deseribed as a
raint cometlike strueturc approximatcly 6 1 to the south of Re4 head. On a deep CCD-image
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Figure 2. The field of Sa 109. The Re4 nebula with the comma-shaped head and the tail is
just north of center and the Re5 nebula to the south. The photograph was taken with the CTIO
4m telescope prime focus camera, on IIIa-F emulsion through an OG570 filter. Reproduced from
Graham (1986).

a second, fainter, comet-shaped nebula is seen opposite to Re5. Spectroscopy showed that
Re4 head has a Herbig-Haro type speetrum belonging to the VLE-class of speetra, superposed
on a very red continuum showing the NaI D-lines in absorption. Close to Re4 head, two
small clumps are seen, probably also Herbig-Haro objects. The speetrum of Re5 shows no
emission lines and was proposed to be a scattered continuum from a hidden G-type star that
might be the source of the objeet. JHKL photometry around Re4 head and the K5 star.
revealed an infrared source 1'V5" west of the star. This source, Re4 star, is within 2" of
the IRAS point source 08194-4925 and it appears as Re4 FIR in the tables of Cohen and
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Schwartz (1987). Also Re5 is associated with an IRAS source (IRAS 08196-4931). The
IRAS sources are probably corresponding to the hidden energy sources.

Cohen and Schwartz (1987) and Berrilli et al. (1989) have used flux values from IRAS to
estimate the bolometric luminosity of Re4 star to -28.6 and 26.7 L0 , respectively. In a
recent paper by Graham and Heyer (1989) 2.2J.tm images and near infrared photometry of
the exciting sources in both Re4 and Re5 are presented.

Obviously star formation is taking place at two nearby sites in Sa109. There is also some
indication of previous star formation frolll the presence of an 18:th magnitude star with
a small gaseous appendage (jet?) found tu the NE of Re5 (Graham, 1986). The star is
dassified as an M3.5e dwarf (Graham and Heyer, 1989), lying dose to the main sequence.
WiJking et al. (1990) report deteetion of the 1-+0 S(l) transition of H2 towards this objeet.

2.2.3 Ba 111 and HH46/47

Sa111 = DC267.4-7.5 = ESO 210-6A is a dense, 3 1 diameter, globule near two other small
dark douds, Sall0 and Sa112. Morphologically it is related to the CG:s with a sharp
and bright rim directed towards the centre of the Gum Nebula, but although the doud
is elongated and ill defined towards the other end, there is no evidence for a luminous tail
(Reipurth, 1983). It is probably located in the Gum Nebula as it is seen in projection against
the nebulosity. Bok (1978) first estimated its mass to 25 M0 from its visual absorption,
Av=20. Later Emerson et al. (1984) gave a mass of 7-15 M0 based on H2CO observations
by Goss et al. (1980), and Saht,! et al. (1989) proposed a mass of at least 8 M0 from
observations in the far infrared.

Schwartz found two Herbig-Haro objects, HH46 and HH47 (later renamed to HH47A), near
the northern edge of the doud, connected by a filamentary and knotty bridge, HH47B
(Dopita et al., 1982b). Two faint ardike structures appear on both sides of HH47A and
HH46, namely HH47C to the south-west of HH46 and HH47D to the north-east of HH47A
(Dopita et al., 1982b), cf. Fig. 3. HH46/47 is a beautiful example of a tightly collimated
Herbig-Haro jet, and they and the globule have been the subjeet of a large number of
studies covering a variety of subjeets. The observations support a scenario in which HH46
and HH47A, Band D constitute the approaching part of abipolar flow, driven by a hidden
source in the globule, and where HH47C is part of a receding, partly obscured, counterflow.
Recently the discovery of a faint "counter jet" between HH46 and HH47C, about 15" to the
SW of HH46, has been reported by Reipurth (1989) and Reipurth and Heathcote (1991).

Radial velocity measurements (Dopita et al., 1982b, Graham and Elias, 1983, Meaburn and
Dyson, 1987, Graham and Heyer, 1989, Hartigan et al. , 1990, Reipurth and Heathcote,
1991) show that the brighter parts, HH46, HH47A and Bare approaching with heliocentric
velocities, VHEL, in the range -100 to -190 km S-1 and that the "counter jet" and the
knots in HH47C move away from us with V HEL ~ +100 km S-I. A model for explaining
the observed velocity structure as interaction between a stellar jet and its surrounding is
presented by Meaburn and Dyson (1987). Schwartz et al. (1984) have obtained proper
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Figure 3. A wide-ficld Ha + [STI] CCD image of the HH46/47 jct-complex in the Bok globule ESO
210-6A. The infrared source is located behind thc dark ridge at thc base of the jet. Rcproduced

from Reipurth and Hcathcote (1991).

motion data for a number of condensations in HH46/47. They conc1ude the existcnce of a
collimated flow that is inc1incd about 27° to the plane of the sky, and derive an age of 2000
years for the condensations in HTI4 7A and C.

Spectrophotometry by Dopita (1978) showed that IIH4 7A has a speetrum of the low-excita
tion type, while the central part of HH46 exhibits a red continuum with a strong Ha-emission
line. He suggested that the continuum is the refleeted speetrum of the embcdded stellar
energy source, possibly of T Tau type. Cohen et al. (1986) cOQflrm the prcscnce of a scattcred
T Tauri like continuum from an optical spcetrum of lIH46A. Th y also rcport a diminishing
in brightness from the 1977 observation of Dopita by a faetor 'bf 16. On thc oUlcr hand
Graham (1987) reports an increasc in the surface brightness of thc HII46 r ncetion ncbula
by a faetor 7-10 over the period Jan 1984 to May 1986 and it sccms ohvious that the exciting
source is highly variable. Raga and Matco (1987) have obscrvcd IlI147A/ß and 111146 using
narrow-band imaging in [SII] 6717+6731 Aand Ha. Thcy concludc that lfl147 A has the
highest eleetron density as detcrmined from the [SIll 6731/6717 line ratio and at the same
time have the lowcst excitation, whcreas HII47B, in thc f1lamentary and knotty bridge, and
HH46 have lower density but a higher degrce of excitation. Very high rcsolution eco ima
ges obtained at the ESO Ncw Tcchnology Telescope show a wealth of struetural details in
the jet-system and a complex distribution of excitation conditions (Reipurth and IIcathcotc,
1991 ).

76



Both HH46 (Elias 1980) and HH47A (Wilking et al. 1990) have been detected in the emission
lines of shoeked H2 , espeeially in the 1-+0 S(1) transition at 2.1/-lm.

Sehwartz (1983) obtained an uItraviolet speetrum of HH47, where he found emission lines
attributed to H2 produced by fluoreseenee from the Lya line, and a continuum, peaking
around 1500 A. This peak eould be eaused by the presenee of two-photon emission as
already suggested by Dopita et aI. (1982a) from optical speetrophotometry. Krautteret aI.
(1984) have observed the UV speetrum of HH46 and report a faint, featureless eontinuum
increasing towards shorter wavelengths, and the possible presenee of 01 emission at 1305 A.

The role played by magnetie fields in Sa111 have been diseussed by Hodapp (1987) and
GIeneross et al. (1989).

The embedded exeiting souree has been loeated by Cohen et al. (1984) who observed
HH46/47 at 10pm from the ground and at 40-160/-lm with the Kuiper Airborne Obser
vatory. They found a faint 10/-lm souree, HH46IRS, ",O~ 2 south-west of HH46 and proposed
that it is the exeiting souree. Emerson et al. (1984) also independently loeated the source
by identifying it with the IRAS souree IRAS 08242-5050. Graham and Heyer (1989) have
deteeted lIH46IRS at 2.2Jim using an infrared imaging array. They were able to obtain
two optieal speetra of the seattered light from the hidden star and find a late G - early K
eontinuum with numerous emission lines, typieal of a T Tauri star speetrum. They also
report JIIKL photometry of the star. Reipurth and Heatheote (1991) have eonfirmed the
T Tauri eharacter of the eentral objeet. They have observed the HH46 refleetion nebula
speetroscopieally at both low and high resolution and report a rieh T Tauri emission line
speetrum. Optieal linear polarization maps of the region around HH46 have been presented
by Searrott and Warren-Smith (1988). From these they find a position for the illuminating
source that coincides with HII46IRS. Kuiper et al. (1987) have deteeted ammonia emission
that they attributed to a circumstellar toroid 01' disc with a size of 6000-7500 AU and a
mass of 0.09-0.14 M8 . The bolometric luminosity for the object is given as 23.6 L8 (Berrilli
et al., 1989) to 24.2 L8 (Cohen and Schwartz, 1987).

olberg et al. (1992) present a eomplete 13CO map of the globule and have found abipolar
moleeular outflow around the infrared source.

Three stars near Sa111, illuminating refleetion nebulosity, have been diseussed by Herbst
(1977). They are vßH12a (B7V), 12b and 16 (van den Bergh and Herbst, 1975). From
UßV-photometry IIerbst arrives at a mean distance of 400 pc for these stars and conclude
that they belong to the same part of the Gum Nebula as Sa111 and, probably, Sa109. He
also presents UßVRI photometry of vBH16 and of two anonymous Ha-emission stars, (1977)
elose to Sa111. vßH 16 is particularly interesting in that it illuminates the cloud Sa112 next
to Sa11l. Reipurth and Zinnecker (1992) report it to be a T Tauri binary, and they find
yet another T Tauri binary a few arcrninutes north of vßH16, also in Sa112.

77



2.2·4 DC253.6-1.3 and DC253.9-0.6

Pettersson (1987a) reports the finding of 9 T Tauri stars from an Ha objeetive prism survey
in Puppis (Pettersson, 1987b). Three of the stars, in front of the CG30j31 complex, are
discussed in Sect. 2.1.4. Of the remaining six, PHa21 and·34 are seen projected towards
DC253.6-1.3 and PRa40, 41, 44 and 51 towards DC253.9-0.6, a chain of small patchy clouds
seen towards the background RH-region RCW19 (Rodgers et al., 1960). Low-resolution
speetroscopy, UBVRI and JRK photometry is presented. Also seen towards DC253.6-1.3
is PRa27A, found in the objeetive prism survey but not yet observed with a slit spectrograph.
The distance of this group of T Tauri stars is given to 450 pc, i.e. the associated clouds are
inside the Gum Nebula.

2.2.5 WRA218

This star was originally noted by Wray (1966) who gave it number 218 in his catalogue and it
reappeared in the Ha survey of Pettersson (1987b) as PRa91. It is situated about 1° south
of the cometary globule CG22. A low resolution slit speetrum of WRA218, kindly obtained
for the author by Dr. The, shows a late type continuum of approximately speetral type K2
superposed by strong Balmer line emission (Ra- Hö), CaH Hand K and numerous fainter
lines from FeH and Rel. Near infrared JHK photometry indicates the presence of an infrared
excess. Despite the fact that no dark matter is visible in the immediate neighbourhood it
is proposed that WRA218 is a T Tauri star and that it is likely to be apart of the isolated
star forming events taking place in the Gum Nebula.

3. Other Star Forming Events

3.1 RCW27, 32 and 33

The three RH-regions RCW27, 32 and 33 constitute a striking configuration in the longitude
interval 259° - 264° along the galaetic plane. RCW27 is the largest of the three with an
apparent diameter of "'2°, RCW32 the smallest with a diameter of 25' and RCW33 has a
diameter of "'1~5. Across all of the bright surfaces an irregular pattern of dark, obscuring
matter can be traced out, most obviously across the SE part of RCW27. This instigated the
undertaking of an Ha objeetive prism survey to look for likely candidates for any recent star
formation that might have taken place in the dark clouds (Pettersson and Reipurth, 1992).
In all, 278 Ra-emission-line stars were found in a 5° by 5° field centered ",1° south of field
313 of the ESOjSRC survey. Of these, almost half are seen projeeted against RCW27, 21
against RCW32 and 69 are seen against the background of RCW33. The survey reaches a
V-magnitude of ",20.

3.1.1 RCW27 and Vela Tl

Pettersson and Reipurth (1992) have surveyed the region around the large RH-region RCW27
and the dark cloud complexes seen projected against it for Ha-emission line stars. About
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120 Ha-emitting stars have so far been found, many seemingly related to the region of the
dark elouds. Of the 22 brightest stars that have sinee been observed with a slit spectrograph,
15 were found to be of late type with prominent Balmer line emission and, inmany eases,
with other lines typical for T Tauri stars, they are presented in Table 1. It seems likely
that we are observing a new T assoeiation towards RCW27 whieh the authors name Vela Tl.
The distanee to the dark elouds and Vela Tl rem~ins an open question. Looking at the deep
red image of RCW27 reprodueed in Fig. 4, one gets the impression that we see two different
sets of elouds, one in the foreground eomprised of the very dark and irregular DC260.2+0.7,
DC260A+OAC = 8L1 (8andqvist and Lindroos, 1976), DC260.6+0.8 and DC260.8+0.2,
and one set of more diffuse elouds that may be eonneeted with RCW27. This impression
is enhaneed by the lower star density seen towards the DC-elouds as eompared to the star
density towards other elouds and towards RCW27 itself. If this is really the ease, we may
also see two layers of emission-line stars and, possibly, two associations.

In the field are also stars belonging to the Pup R2 assoeiation (Herbst, 1975a), vBH17a
and b, vBH18 and vBH20. Herbst has estimated the distanee to Pup R2 to 950 pe and,
if Vela Tl and Pup R2 are associated, then Vela Tl is on the far side of the Gum Nebula.
Georgelin and Georgelin (1970) have given a distance of 1100 pe to HD 73882, an 08 star
exeiting the HII-region, whieh could mean that RCW27 and Pup R2 are associated.

Recently, Ogura (1990) reported a new Herbig-Haro objeet elose to vBH17a, HH132, de
teeted on narrow-band CCD-frames. HH132 is in a region with both emission nebulosity
(NGC2626, illuminated by vBH17a) and a small eompaet dark eloud. Pettersson and
Reipurth also report a number of faint Ha-emission-line stars in this region.

It is interesting to note that ,he first strong emission peak in the Vela Molecular Ridge
(region D in Murphy and May, 1991), at 1=260° and b=O°, eoincides with RCW27. This
eould mean that we see low mass star formation in a eloud in the near end of a "moleeular
arm" in Vela.

3.1.2 RCW32 and RCW33

RCW32 and 33 are also sites of Ha-emission line stars found during the same survey by
Pettersson and Reipurth that was deseribed in 8eet. 3.1.1. Towards the bright RCW32 21
Ha-stars were found and in the region of RCW33 another 69. Only two slit speetra are
available from these regions (cf. Table 1) but it is very likely that there are more young stellar
objeets towards these HII-regions. The southern half of RCW33 is partly obseured by a lane
of dark matter, the dark eloud 8L4. In this eloud Pettersson and Reipurth (1992) diseuss a
small refleetion nebulosity at aI950.0: 8h 51m19n and 61950.0: -42°01' 36". The nebulosity is
associated with the strong IRA8 source 08513-4201 that is likely to be an embedded young
star. Its positions in the IRA8 eolour-eolour diagrams indicate that it is an objeet of the
"eore"-type, i.e. a deeply embedded young souree.
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Figure 4. The region of the HH-regions RCW27 (centre) and RCW32 (lower left). Towards RCW27 is the new T Tauri association
Vela Tl and the dark clouds DC260.2+0.7, DC260.4+0.4C (5L1), DC260.6+0.8 and DC260.8+0.2. The cloud seen towards the centre
of RCW32 is DC263.2+1.6 (5L2). North is up and east is to the left. A photograph from the ESO Schmidt telescape, obtained in red
light.



3.2 lC2391

IC2391 is a fairly loose and large young open cluster in Vela at I = 2700 and b = _70
• Hs

brightest member is the 4m star 0 Vel and its age is estimated to 3 . 107 years, based on its
Upper main-sequenee turn-off (Mermilliod, 1981). The distance to IC2391 is of the order
of 150 pe. From speetroseopie and photometrie observations of 40 stars, Stauffer et al.
(1989) have identified 8 new late-type (K) pre-main-sequenee stars that they suggest to be
members of the cluster. When plotted in a eolour-magnitude diagram the stars fall above
thc cluster ZAMS, approximately along an isochrone for 3.107 years. Five of the stars show
HO' in emission and six have strong LiI 6707 Aabsorption. Both stars without visible Li
absorption are rapid rotators, something that could explain why the line is not deteeted.

3.3 HH73/74

Reipurth and Graham (1988) report the diseovery, from narrow-band imaging (HO', [SII]
6717+6731 Aand eontinuum at 6650 A), of two Herbig-Haro objeets, HH73 and 74, close
to the are-shapcd nebula Re6 (Reipurth, 1981) in the dark cloud DC266.1+1.1. Re6 is a
reOeetion ncbula surrounding a faint red binary star. HH73 is a highly eollimated ehain of
faint HH knots with a total extent of 29" and situated about 1

1
south of Re6. No energy

souree is seen but sho~ld be found somewhcre along the axis of the ehain.

About 20" north of Re6 is H1I74, seen as an isolated almost stellar-like object. Also here no
cnergy souree was found by Reipurth and Graham, but it could be the same souree that is
responsible for thc nearby Re6 refleetion nebula. Cohen (1990) reports the discovery from
coaddcd IRAS images of a point-like red source situated about 1~ 0 west of HH74. It was
dcteeted at 25, 60 and 100pm and a bolometric luminosity of 5.57 L0 is given, assuming a
distance of 450pc. Nothing was found near Re6 01' at HH73.

3.4 The Herbig-Haro objects in 5a114

The dark cloud Sa114 is a small, irregular cloud seen in the direetion of the Gum Nebula.
It is associated with three nebulous stars, vBH29a, band e (van den Bergh and Herbst,
1975) bclonging to the Vela R2 assoeiation (Herbst, 1975b). A distanee of 870 ±80 pe is
given by Herbst for these stars. Reipurth and Graham (1988) report a ehain of patehy
Herbig-Haro objeets, 111175, near the south-east edge of Sa114. They present narrow-band
images and a low-resolution speetrum. No obvious energy souree was found although there
are some nearby IRAS sources (IRAS 09099-4526 and IRAS 09098-4535). The region of
H1I75 has been searehed for possible energy sourees by Cohen (1990), using eoadded IRAS
images. No obvious souree was deteeted, the one most plausible aeeording to Cohen was
IRAS 09094-4522 situated 8.'2 from the center oE the HH complex. This IRAS souree is
coineident with vBH29b and it is fairly weH aligned with the HH ehain. The bolometric
luminosity is given as 130 L0 for a distanec of 450 pe. Cohen also gives a plot the speetrum
of IRAS 09094-4522 from the IRAS low resolution speetrograph.
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About 14 I northwest of HH75 Ogura (1990) has found another Herbig-Haro object, HH133,
using the same narrow-band technique as Reipurth and Graham. HH133 is composed of 3 or
4 small knots conneeted by faint wisps of nebulosity and is located near the western border
of Sal14.

3.5 BBW76 - a southern FUOR

BBW76 (Brand et al. 1986) is a small arc-shaped nebula situated in the constellation of
Puppis at 0'1950.0: 7h48m40~4 and 81950.0: -32°58 I 43". Associated with the nebula is a
12:th magnitude star that has been identified by Reipurth (1985, 1990) and by Eislöffel et
al. (1990) as a FU Orionis object. For convenience, the star is also referred to as BBW76.
The arguments for identifying BBW76 as a FUOR are mostly based on speetral information.
The spectral appearance of BBW76 both at low and at high resolution strongly suggest that
the objeet is a FUOR. A low resolution speetrum shows a strong Li! 6707 Aabsorption line
and an over-all appearance very similar to that of FU Ori itself. High resolution speetra
of the sodium D-lines at 5889/5996 A and the Balmer Ha and Hß lines show very broad
absorption troughs, up to 200 km S-1 wide, with struetures indicating temporal changes
in the winds causing them. A slow decrease of the brightness both at visual and at near
infrared wavelengths is also reported by Reipurth (1990); the V-magnitude is decreasing at
a yearly rate of 0~025.

The object has been associated with the IRAS source 07426-3258 by Eislöffel et al. and
they estimate a total flux for BBW76 of 550 L0 , assuming a distance of 1700pc as deduced
from the associated CO line emission (Brand et al. 1987). This luminosity is typical for
FUOR:s, that of FU Ori being 340 L0 •

3.6 IRAS 08211-4158

The area around the IRAS point source 08211-4158 was searched for near infrared sources
by Persson and Campbell (1988). They found two point sources dose to the lRAS source
and present JHK photometry of them and a red CCD image of the region surrounding the
sources. They also give the speetral energy distribution of the objects.

Graham (1991) reports the finding of a Herbig-Haro objeet elose to the IRAS source. It
consists of a bright and a faint part at a distance of 1 1 southeast of the near IR sources of
Persson and Campbell. Spectroscopy of low and intermediate resolution is presented both
of the HH objeet and of a diffuse nebula dose to the IR sourees. The HH object belongs
to the dass of low-excitation objeets and show strong [SII] lines ·at 6717+6731 A. A mean
heliocentric radial velocity of -21 km S-1 is given, based on severallines.

The energy source is identified with the IRAS point source and with source 1 of the Persson
and Campbell near IR sourees. The spectrum of the diffuse nebula near the sources shows
a red featureless continuum with a strong Ha-emission line and fainter lines from the IR
Call triplet and 01 at 8447A. From the near IR and the IRAS fluxes Graham estimates
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the luminosity of the source to be 160 L0 , assuming that the object is associated with the
Gum Nebula. This is, however, not conclusively shown to be the case.

3.7 The R Associations

Within the area covered by this chapter are 6 of the southern R associations, Le. associations
of stars embedded in reflection nebulosity, as defined by Herbst (1975a) - Puppis Rl, R2
and R3 and Vela R1, R2 and R3. Two of the associations have already been the subject
of some discussion, Puppis R2 (Seet. 3.1.1) possibly associated with Vela Tl, and Vela R2
(Seet. 3.4). As for the others they appear, at least from what we currently know, to be
mostly associated with the high mass end of star formation inasmuch as they mostly seem
to be made up from Band Astars. However this may partly be a seleetion effect, deep Ha
objeetive prism surveys have shown that when the low end of the luminosity funetion can be
reached, the low mass stars may indeed be there. One example is the case of Vela R2, where
Pettersson and Reipurth (1992) have found 16 faint Ha-emission line stars in the region of
vBH25b, 27a, 27b and 28. It seems very likely that they constitute the low mass component
of the same generation of stars making up (the NW parts of) Vela R2. One of the stars
in Vela R2, vBH25a, has been the subject of some controversy over the years as it was
lying well below the ZAMS in the association HR-diagram (Herbst, 1977) but according to
Heydari-Malayeri (1988) this discrepancy is resolved since vbH25a, and the small HU region
RCW34 which it excites, is not a member of the R association but is a distant background
objeet seen through Vela R2.

One other objeet that also is likely to be associated with high mass star formation is
ESO 313-N*10 (Lauberts, 1982). It is associated with an IRAS point source, IRAS
08404-4033. This compact cluster of two fairly bright and a number of fainter objects,
associated with a nebulosity,'was described by West (1980) as either a distant Trapezium
system or a system of Herbig Ae/Be stars. Pettersson and Reipurth (1992) detected the two
brightest stars in their Ha-survey. They have been observed by them both spectioscopically
and photometrically in the UBV system. They find that the stars, ESO-Ha161 and 162,
are of spectral type intermediate Band early A respeetively, with prominent Balmer emis
sion. Both stars are heavily reddened according to the observed continuum slope and to the
UBV-photometry. This seems to favour the interpretation that they may be Herbig Ae/Be
stars, however more observations are needed, particularly in the infrared.

4. Discussion and Summary

This chapter has dealt with the low-mass star formation in Puppis and Vela as it was known
to the author up to Oetober 1991. Tab. 1 summarizes the known and suspeeted low mass
pre-main sequence objects in the region, Tab. 2 lists the Herbig-Haro objeets, and, finally,
in Tab. 3 the known deeply embedded young stars are given. Fig. 5 shows the contours of
the Gum Nebula taken from the RCW-atlas together with a plot of the young stellar objeets
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Figure 5. The full lines are contours of the Gum Nebula adapted from An Atlas of ll-alpha
Emission in the Southern Milky Way (Rodgers et al., 1960) and "x" signify young stellar objects
(YSO:s) from Table 1. All of the cometary globules are plotted and indicated by circles and other
dark clouds by squares. Filled symbols indicate c10uds associated with low-mass star formation.
The RH-regions mentioned in the text are shown by their RCW-numbers.

(YSO:s) from Tables 1 and 2, and their associated clouds. Fig. 6 shows the same YSO:s
and clouds as in Fig. 5, but on a larger scale. The clouds discussed in thc text in conncetion
with star formation are identified.

It is obvious that formation of low-mass stars is going on within the Gum Nebula, particularly
along the same annulus as that defined by the system of cometary globulcs, and also in more
distant regions along the Milky Way band, as e.g. the Vela Tl associalion seen lowards
RCW27. The presence of the giant molccular clouds rcprescntcd by thc Vela Molccular
Ridge is of particular interest here. It secms obvious that thcrc is a conneetion bctwccn
the western part of the VMR (region 0) and the largc complcx of Ha-emission line stars
in Vela Tl. A more extendcd search for YSO candidates along the VMR will probably be
rewarding.
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Figure 6. The same YSO:s and clouds as in Fig. 5, but on a larger scale and with the Herbig
JIaro-objccts from Table 2 added (diamol1ds). Symbols are the same as in Fig. 5, except that
clouds associatcd with star formation are identified instead of shown with filled symbols. The
position of WRA218 is indicated by a "x" at I = 254° and b = +2°. The two "x":s at I = 263°
and b = +1° are two T Tauri stars seen towards RCW33.

In several cases we see what apparently is thc formation of isolatcd low-mass stars both in
the CG:s themselves, e.g. in CG1, CG30 and in othcr clouds such as Sa109 and Sall1. One
case of an isolated T Tauri star with no obvious associatcd dark cloud, WRA218, has also
been found, its position is indicated in Fig. 6 by a "x" at I = 254° and b = +2°.

From Fig. 5 it can be seen that all thc known star forming regions in thc Gum Nebula are
locatcd in its south-westcrn parts, approximatcly following thc outJinc of a large, bright
II lI-emission complcx, while nothing has been found towards the northern parts with the
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large arc struetures. This may be a seleetion effect since not much observational work is
available towards these regions. A systematic search for YSO:s at positive galaetic latitudes
larger than b = +40 could help in darifying the situation.

~

One dass of observations that is badly needed for the understanding of what is going on in
the dark douds is detailed radio observations in the mm wavelength range. No doubt the
Swedish ESO Submillimeter Telescope, SEST, is going to make many important contribu
tions in the near future.
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Table 1. Optical properties of the pre-main sequence objects and candidates

Object1
a1950 61950 V2 reC K 2 reC Sp.type1 reC Associated cloud Comrnents3

CG-Ha8 714 18.6 -482605 15.3 1 Ml-2 1 DC259.5-16.4 CG13, Sal02
NX Pup 7 1756.0 -442936 9.8 t 5.9 8,9 AO-l III t DC256.2-14.1 CGl, CoD-4403318,

Bemea 135, HBC552, var.
CG-Hal 729 11.1 -471844 >17 M3-4 1 DC259.2-13.2 Sa101
CG-Ha2 72929.8 -464948 >17 M2: 1 DC259.2-13.2 Sal0l
CG-Ha3 72943.2 -465408 15.0 1 K7 1 DC259.2-13.2 Sa101
CG-Ha4 7 29 54.1 -465119 14.6 1 K7-MO 1 DC259.2-13.2 Sa101
CG-Ha5 73008.9 -465347 15.2 1 K2-5 1 DC259.2-13.2 Sal0l
CG-Ha6 73009.7 -465355 14.2 1 K7 1 DC259.2-13.2 Sa101
CG-Ha7 731 58.5 -464209 14.0 1 K5 1 DC259.2-Ü.2 Sal0l
BBW76 74840.4 -325843 12.3 5 G 5 FU Ori-object
PHa12 80629.7 -355459 15.2 2 10.4 2 Ml.5 2 (DC253.0-1.7C) near CG30/31, HBC553
PHa14 80641.4 -355921 15.8 2 10.3 2 M2: 2 (DC253.0-1.7C) near CG30/31, HBC554, var.
PHa15 80654.3 -355903 14.8 2 10.8 2 M3 2 (DC253.0-1.7C) ne8l' CG30/31, HBC555, var.
PHa21 80838.0 -355251 16.3 2 10.8 2 M4 2 DC253.6-1.3 HBC556
PHa27A 80953.1 -355400 17.5 3 DC253.6-1.3
PHa34 8 1054.2 -361014 14.9 2 11.3 2 K3: 2 DC253.6-0.6 HBC557, var.
PHa40 8 11 58.7 -36 0454 16.5 2 11.2 2 MO.5 2 DC253.9-0.6 HBC558
PHa41 81202.9 -355854 13.0 2 8.8 2 Cont. 2 DC253.9-0.6 HBC559, var.,

IRAS 08120-3559
PHa44 812 28.7 -360054 16.0 2 11.4 2 K7-MO 2 DC253.9-0.6 HBC560
PHa51 81401.7 -354843 15.8 2 11.1 2 K7-MO 2 DC253.9-0.6 HBC561
WRA218 82600.0 -344454 13.9 10 K2: 10 Isolated PHa91, CaU H and K in em.
vBH16 82612.0 -5059 15.3 6 DC267.4-7.5 Sal11, T Tau binary
WRA220 82642.6 -333621 13.4 1 9.0 1 K2 1 DC253.6+2.9 PHa92, seen towards CG22
ESO-Ha22 83323.5 -401750 16.2 4 K: 4 (DC259.9-0.0)
ESO-Ha30 83335.3 -402725 17.7 4 Cont. 4 DC259.9-0.0
ESO-Ha34 83341.5 -401448 15.8 4 K2-5 4 (DC259.9-0.0)
ESO-Ha49 8 34 52.7 -402452 16.2 4 K: 4 DC260.4+0.4C SLI
ESO-Ha58 83536.2 -403054 14.9 4 K2-5 4 DC260.4+0.4C SLI
ESO-Ha66 835 51.2 -400549 14.8 4 K0-2 4
ESO-Ha77 83632.5 -401550 15.6 4 Cont. 4 (DC260.4+0.4C) SLI
ESO-Ha88 83648.7 -404917 15.0 4 K0-2 4 DC260.4+0.4C SLI
ESO-Ha94 83659.6 -404041 14.2 4 K5-7 4 DC260.4+0.4C SLl, IRAS 08369-4040
ESO-Ha105 83723.8 -395918 16.1 4 Cont. 4 DC260.2+0.7

ESO-Ha112 83733.4 -401435 16.0 4 K: 4 DC260.2+0.7

ESO-Hal13 83734.4 -405331 16.9 4 K7-MO 4 DC260.8+0.2
ESO-HaI16 83740.6 -400224 14.0 4 G8: 4
SHJM 6 83827.2 -524717 11.9 7 K 7 IC2391

ESO-Ha153 83930.9 -405235 15.3 4 M2 4

SHJM 3 84000.5 -5311 58 12.6 7 K 7 IC2391

SHJM 8 84013.5 -524849 13.4 7 K 7 IC2391
SHJM 7 84026.0 -525559 12.5 7 K 7 IC2391
SHJM 9 84031.3 -524128 13.5 7 K 7 IC2391
SHJM 1 8 40 52.1 -525108 14.0 7 K 7 IC2391
SHJM 4 84200.9 -524651 14.2 7 K 7 IC2391
SHJM 5 84200.9 -524648 14.2 7 K 7 IC2391
ESO-Ha225 84855.6 -415519 17.6 4 MO 4 DC263.2+1.6C Seen towards RCW33, SL4
ESO-Ha249 85029.3 -420354 13.6 4 K5-7 4 DC263.2+1.6C Seen towards RCW33, SL4

1 Spectral types Cor the ESO-Ha stars (Pettersson and Reipurth, 1992) are preliminary! 2 Maximum light ror

variable stars. 3 HBC = Third Catalog oC Emission-Line Stars-oC the Orlon Population, Herbig and Bell, 1988.

ReC: 1. Reipurth and Pettersson, 1992

2. Pettersson, 1987a

3. Pettersson, 1987b

4. Pettersson and Reipurth, 1992

5. Rcipw·th, 1990

6. Herbst, 1977

7. Stauffer et al., 1989

10. This work

t: 8. Reipurth, 1983

9. Brand et al., 1983

Tjin A Djie, 1984
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t:8. Reipurth, 1983

9. Brand et al., 1983

Finkenzeller and Mundt, 1984

Finkenzeller, 1983

Irvine, 1977
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Table 2. Herbig-Haro objects.

Object 0'1950 61950 ref VHEL ref Observed flux (Hß=I00)l ref Location Comments
(km s-l) [0111] [01] [SII] [SII]

5007 6300 6717 6731

HH120 80740.0 --355602 9 -42±12 1 <2 680 803 988 1 DC253.3-1.6 CG30
Re4 head 81928.9 -492512 2 -30±11 2 480' 170' 240' 2 DC266.0-704 Sal09
Anon. -21 10 440' 740' 810' 10 I' SE IRAS 08211-4158
HH47C 82405.6 -505148 8 +91±15 3 240 350 270 5 DC26704-7.5 Sa111=ESO 210-6A
HH46 824 16.8 -505041 8 -182±7 2 10 399 229 274 7 DC26704-7.5 Sa111=ESO 210-6A
HH47B 824 19.3 -505023 8 -144±15 3,6 DC26704-7.5 Sa111=ESO 210-6A
HH47A 82422.9 -505003 8 -111±15 3,6 342 486 511 5 DC26704-7.5 Sal11=ESO 210-6A
HH47D 344 990, 420 5 DC26704-7.5 Sa111=ESO 210-6A
HH132 83335.2 -402852 11 DC259.9-0.0 Near vBH17a, NGC2626
HH73 90026.6 -44 39 25 4 4 DC266.1+1.1 Chain of HH:s near Re6
HH74 90028.6 -44 37 59 4 4 DC266.1+1.1 Near Re6
HH133 90906.5 -451830 11 DC268.8+1.8 Sa114
HH75 90950.7 -453007 4 -100±25 4 310' 440' 370' 4 DC268.0+1.8 Sa114

Ref: 1. Pettersson, 1984
2. Graham, 1986
3. Graham and Elias, 1983
4. Reipurth and Graham, 1988
5. Dopita et al., 1982b
6. Meaburn and Dyson, 1987

7. Dopita, 1978 1 An 0' after the flux indicates flux rel. to HO'=100
8. Schwartz et al., 1984
9. Reipurth, 1981

10. Graham, 1991
11. Ogura, 1990
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Table 3. Embedded young stellar objects

Object 0'1950 61950 ref K J-H H-K ref [12] [25] [60] [100] Lbol/L0 ref lRAS
IRAS fluxes (Jy)

CG30IRS4 80741.0 -355608 1 11.9 1.6 1.9 1,2 0.6 3.7 18.2 47.5 18 3,4 08076-3556
Re4 star 8 1928.8 -4925 10 1 11.7 1.3 1.3 1 <O.l a 2.3 29.8 80a 28 3,4 08194-4925
Re5 star 8 1936.9 -49 31 13 1 11.6 2.3 1.6 1 <0.3 7.1 53.3 <74.6 08196-4931
08211-4158/1 82107.4 -41 58 12 8 7.6 3.4 2.9 8 11.0 32.0 209. 622. 160 8,9 08211-4158
HH46IRS 8 24 16.5 -505043 1 12.9 1.7 1.8 1,5,6 0.8 6.3 26.1 58.3 24 3,4 08242-5050
Anon 8 51 19.1 -4201 36 7 00.0 0.0 0.0 7 12.4 136. 455. 618. 08513-4201

Ref: 1. Graham and Heyer, 1989
2. Pettersson, 1984
3. Cohen and Schwartz, 1987
4. Berrilli et al., 1989
5. Elias, 1980

6. Graham and Elias, 1983
7. Pettersson and Reipurth, 1992
8. Persson and Campbell, 1988
9. Graham, 1991

a Cohen and Schwartz, 1987



The Chamaeleon Dark Cloucls and T-Associations

Richard D. Schwartz

Department of Physics
University of Missouri - St. Louis

8001 Natural Bridge Road
St. Louis, Missouri 63121, USA

I. Introduetion

Early investigations of the Chamaeleon dark cloud regions established the presence of Ha
emission line stars (Henize 1954) and a number of variables, some with Ha emission, which
Hoffmeister (1962) described as RW-Aur-like variables. Among the three dark cloud com
plexes in Chamaeleon, Cha lappears to possess the largest populations of young stellar
objeets (YSOs) as evidenced by the first extensive search for Ha emission stars by Henize
and Mendoza (1973). Cha II (labeled Cha III by Hoffmeister) also contains a significant
number o[ YSOs, whereas Cha III (Cha II in Hoffmeister) appears to be devoid of current
star formation aetivity.

Lying at high galaetic latitude (-15°), the clouds are relatively uncluttered with background
sources, especially at infrared wavelengths. Moreover, unlike the Taurus-Auriga star forming
region which is scattered widely on the sky in a loose quilt-work of dark cloud extinetion,
the Chamaeleon dark c10uds are well-defined, coherent struetures with dimensions of order
1 sq. dcgrees cach. Thus the Chamaeleon star-forming clouds present an attractive arena
for the stuc1y of evolving YSOs.

Owing in part to their extreme southerly declination (-77°), the Chamaeleon clouds have
yet to rcccive the detailed scrutiny experienced by other star-forming regions. Nevertheless,
within the past 15 years a number of important strides have been made, especially in the
stuc1y o[ Cha I. The purpose of this review is to summarize the current observational states of
Cha land Cha 11, cspecially regarding the populations of YSOs obtained from both optical
and infrared studies. To this end, candidate members for each association are tabulated along
with updated finder charts. The results of speetroscopic and photometric studies (optical and
infrared) are briefiy summarized with a focus upon particularly interesting objeets within
each association. The distance(s) to thc Chamaeleon associations remains an outstanding
uIHesolved issue which will be discussed in some detail.
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Figure 1. The Cha I Association adapted from the Schwartz (1977) survey, The star identification
numbers are contained in Table 1. The peculiar, extended feature near HH 48 is a ghost image
from a bright star elsewhere in the plate field,
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11. Chamaeleon I

A. Visible Members

Combined with Hoffmeister's (1962) work, the Ha survey of Henize and Mendoza (HM)
(1973) provided a basic catalogue of YSO candidates in Cha I. Schwartz's (1977) survey
confirmed most of the HM sources, and added a number of fainter Ha sources scattered in
and about the cloud. More recently, Whittet et al. (1987) have compiled a list of visible
association members. Table 1 contains a list of these members. The numbering scheme of
Whittet et al. has been used in Column 1, with the addition of two sources (T14a, T45a) not
contained in the Whittet et al. list. Column 2 gives other designations as footnoted. Column
3 gives the finder chart (Figure 1) number for each star, where a colon designates uncertainty
in identification for several of the Hoffmeister variables for which finder charts were not
readily available to the author. Columns 4 and 5 give the 1950 epoch right ascension and
declination for each object. Columns 6 and 7 list the visual magnitudes and spectral types
where available, information gleaned primarily from the Herbig-Bell Catalog (HBC) (Herbig
and Bell 1988) which contains additional information, including V, B, V, R, I magnitudes for
many of the objects. Photometry for T21, T29, and TM is from Schwartz and Henize (1983),
and magnitudes for T8, T24, T39, and T51 are from Schwartz and Noah (1978). Column
8 gives cross identifications of optical sources to far-infrared sources, mainly as defined by
IRAS point source identifications, by the IRAS pointed observation coadds of Baud et al.
(1984) and Wesselius et al. (1984), and the Kuiper Airborne Observatory work of Jones
et al. (1985). Finally, column 8 gives references as footnoted to near-infrared photometry
on association members.

Two features of Table 1 should be noted. First, although most of the candidate members
have been identified upon the~basis of Ha emission surveys, several sources are included
upon the basis of their variability and RW-Aur-like spectra as indicated by Hoffmeister
(T2, T6, T13, T17, T20, T22, and T36). In addition, several non-Ha sources are included
where refleetion nebulae indicate an association with the dark cloud (T21, T41, and TM), or
where infrared excesses indicate possible YSO activity (T33, T45a). The Herbig-Haro object
HH48 (T14a) is included in view of the spectra of Cohen et al. (1986) which shows that
a very faint T Tauri star (Ha, Fell, and Call emission) sits at the core of the semi-stellar
HH nebula. The positions of the remaining HH objects in Cha I along with more detailed
finder charts are contained in Schwartz (1977). A second feature to note is that several
candidate members are yet to be confirmed as Ha emitters since they were identified only
in the Schwartz (1977) survey as marginal identifications (Ha emission intensity =1; Tl,
T18, T19, T30, T39, T43, and T51). However, possible far-IR identifications of T30, T43,
and T51 and X-ray detections (Feigelson and Kriss 1989) of T30, T39, T43, and T51 suggest
membership for these stars. Finally, several objects (T10, T25, T56) lie outside of regions
of significant obscuration, and could be field objects. These caveats regarding membership
are important to population studies of this association, and point to the need for additional
spectroscopic work.

The principle spectroscopic classification work on Cha I stars has been carried out by Ap-

95



penzeller (1977, 1979) and Appenzeller et al. (1983). At least 8 of the stars studied appeal'
to exhibit YY Ori-type speetra, possibly indieative of a youthful aeeretion stage. Finken
zeller and Basri (1987) have examined 1'8 and 1'26 in some detail, deriving estimates for
bolometrie luminosity, visual absorption, radial velocity, v sin i, rotational period, radius and
mass for eaeh star. Franehini et al. (1988a,b) have reported v sin i data from high resolution
spectra of 15 l' Tau stars in Cha land Cha 11, deriving estimates of masses and evolutionary
phases for the stars. In agreement with findings in other assoeiations, these authors report
that faster rotators are found preferentially among the higher mass stars, a feature which
may be due to the shorter "eonvective braking lifetime", of the higher mass stars. Bouvier
et al. (1986) had earlier carried out rotation studies of SYCha (1'4) and TWCha (1'7). More
reeently, Bouvier and Bertout (1989) have observed rotational modulation due to spots on
SYCha, deriving aperiod of 6.1 days and a fractional spot eoverage of 8-10%.

Photoelectrie UBVRI photometry has been reported for most of the prominent members
of Cha I by various authors (Glass and Penston 1974, Grasdalen et al. 1975, Sehwartz
and Noah 1978, Mundt and Bastian 1980, Appenzeller et al. 1983, Kilkenny et al. 1985,
and Whittet et al. 1987). Characteristie of l' Tauri stars in other associations, the more
"advaneed" l' Tau stars (those probably still on eonvective tracks) tend to show the greatest
light variations with strong ultraviolet exeesses (1'7, 1'27, 1'31, 1'40, 1'48, 1'47, 1'49, and
1'53). It must be borne in mind that the visual magnitudes listed in Table 1 for many of the
stars are subject to eonsiderable variability.

In addition to optical photometry, satellite UV measurements have been reported on 1'4
by Schaefcr (1983), on 1'52 by Penston and Lago (1983), and on 1'8, 1'11, 1'14, 1'26, 1'31,
1'32, 1'40, and 1'51 by Imhoff and Appenzeller (1987). Finally, Feigelson and Kriss (1989)
have reccntly reported X-ray detections and optical spectrophotometry of a number of Cha I
membcrs whieh are cross-refcrenced in Table 1 in eolumn 2 with CHX designations. Although
some of the candidate objects are classical l' Tauri stars, many of the stars are identified by
Feigclson and Kriss as "nakcd l' Tauri stars" (NTTS) from their optical spectrophotometrie
data. Four of thc X-ray sources (CHX6, 10, 13, 21) are associated with NTTS which are
not incorporated in Table 1. The presenee of both "advanced" classical l' Tauri stars and
NTTS suggcst a typically wide time span for a star formation in Cha I.

Ilcccntly, Gauvin and Strom (1991) have derived spectral energy distributions for a large
sampie of stars in Cha land 11, and placc the stars in the HR diagram. 1'hey also compare
age and mass distributions and the luminosity function for the Chamaeleon stars to those
in the Taurus-Auriga dark clouds, and find timt they are similar.

B. Infrared Members

Near-Ill photomctry is an important tool in charactcrizing the IR excess radiation in l' Tauri
stars, and rcfcrcnces to J, II, K, L photometrie studies of visible Cha I members are incor
poratcd in Tablc 1. In addition, a numbcr of the visible members have been identified with
IRAS sources (Whittet cl al. 1987, Gregorio IIctem et al. 1988, this study using the IRAS
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Point Source Catalog) as cross-referenced in column 8 of Table 1. Also, the deep IRAS
survey of Baud et al. (1984) which covered a portion of the southern block of Cha I sug
gests additional identifications with the visible members (T22=B33?, T23=B34, T29=B37?,
T30,31=B41?, T35=B42).

Of great interest is the identification of IR sources which have no optical counterparts,
indicating that they may be deeply embedded in dark cloud and/or circumstellar dust.
Hyland et al. (1982) carried out a 2p,m survey complete to K = 10.5 in a central strip
between l1 h 07m and l1 h 10m, and _770 45' and -:-760 15' and to K = 11.5 in an eastern
strip between rv l1 h 10m and rv l1 h 12m , and -760 50' and -760 15'. On the basis of
subsequent J, H, K photometry, the majority of the sources turned out to be associated
with background stars. However, 10 of the 84 sources are identified with visible members
(!able 1), and 8 additional sources without optical counterparts have colors suggestive of
association membership. A deeper 2p,m survey with J, H, K photometry was carried out by
Jones et al. (1985) in a 9' x 9' block centered near HD 97300 (=T41) in the northern block
of Cha 1. Twelve new sources were reported in this block, including 5 probable background
stars, 3 associated with visible assoeiation members (CI-16 = T46, CI-17 = T43, and
C(-23 = T48), and 3 new embedded association members. In combination with the sources
discovered in the earlier survey of Hyland et al., it was concluded that the star formation
efficiency is at least 25% in this portion of the cloud. It was also suggested that HD 97300,
a ZAMS B9 star used for distance determinations to Cha I (discussed below), has been
responsible for producing an increased density gradient about 2' north of the star where star
formation has been triggered as evidenced by the presence of several near- IR sources.

In a most recent study, Assendorp et al. (1990) carried out high resolution IRAS mapping
and ground-based infrared photometry for the regions around HD 97048 and HD 97300.
Fifteen IR sources were detected, including three which are not listed in the IRAS PSC. The
results confirm that each region is a center of low mass star formation with IR luminosities
in the range 0.2 < L < 16L0 . Although most of the sources are identified with visible
T Tauri stars, two appear to be in an earlier accretion phase. Also, Whittet et al.( 1990)
have reported JHKL photometry for 28 IRAS-selected sources in Cha I unassociated with
previously known members of the pre-main sequence population. Four of these sources
are identified as PMS objects, with 11057-7606 (=B35, see below) possessing properties of
a deeply embedded star, possibly in an accretion phase. With serendipitous survey data
included, it is found that IRAS identifications exist for only 57% of the visible T Tauri stars,
indicating that IRAS survey data do not provide a complete census of YSOs in nearby dark
clouds. Owing to the fact that the tables for this review were prepared prior to the author's
receipt of the Assendorp et al. (1990) and Whittet et al. (1990) papers, information from
these recent works is not incorporated in Table 2. It can be noted, however, that B35, B38,
and C7-11 in Table 2 correspond to three of the four sources reported by Whittet et al.
(1990).

The deep pointed IRAS observations of Baud et al. (1984) covered a strip about 30' wide
through the southern block of Cha 1. Reaching a limit about 10 times fainter than the
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IRAS Point Source Catalog (PSC), 70 sources are identified, including a number of sources
which clearly lie outside the dark cloud boundary. At first glance, the source plot gives
the impression that the surface density of sources outside the cloud is comparable to that
within the cloud boundaries. This is probably a consequence of the detection of much fainter
background sources which do not appear in the PSC.

To complement this review article, I have carried out an IRAS PSC survey of all sources
within the Cha I region bounded by lOh 50m and 11 h12m , and _77° 45' and -76° 00'.
This region contains 36 sources, 28 of which can be associated ·with cloud members. The
remaining objects, deteeted only at 12JLm and 25JLm with F(12»F(25), are almost certainly
field stars. As a control experiment, a sky area of identical size, centered at the same galactic
latitude (-15.7°) as Cha I but at a greater galaetic longitude (300.2°), was scanned in the
PSC. This area, completely clear of dark cloud obscuration, revealed only 11 IRAS sources,
most of which have F(12»F(25) and which are evidently associated with field stars. Two
sources are detected at 100JLm only and one source has F(100»F(60). The statistics of field
objeets in the Cha I region and the control region appear to be similar.

In the Baud et al. study, it is pointed out that there is a distinct excess of "warm" sources with
F(60»F(25), indicative of embedded objeets within the confines of the dark cloud. Using
Fig. 1 of Baud et al., and the finder chart (Fig. 1) in this review, approximate positions for
the Baud et al. sources have been computed. Some of the sources are tentatively identified
with visible association members listed in Table 1 (see column 8). Several of the "warm"
sources, however, have no visible counterparts.

The infrared sources within the dark cloud boundaries but without visible counterparts, as
discovered in the studies of Hyland et al. 1982, Jones et al. 1985, and Baud et al. 1984,
are listed in Table 2. Column 1 gives the identification number, columns 2 and 3 the 1950
coordinates, column 4 the J, H, K, L magnitudes, and column 5 the IRAS fluxes in Janskys.
In particular, the Baud et al. sources are limited to the "warm" [F(60»F(25)] objects which
are almost certainly association members. Wesselius et al. (1991) have recently compiled
a list of 73 association members, and have derived source luminosities from existing optical
and infrared data. It is found that the luminosity function for Cha I is very similar to that
of p Oph.

Attention is directed to the two most luminous sources in Table 2. First, the Infrared Nebula
(IRN, Schwartz and Henize 1983, Cohen and Schwartz 1984) is associated with IRAS 11072
7727. Source 41 of Baud et al. (1984) almost certainly represents this source, although it is
misplaced northward in their Fig. 1. The survey of Hyland et al. (1982) listed two sources
near the position with nearly identical magnitudes (K = 7.85, J-H=2.02, H-K=1.20). The
photometry of Cohen and Schwartz (1985), however, shows that there is a single source
located near the "gap" in the bipolar refleetion nebula. Figure 2 is a de~p red CTIO 4-meter
photograph of the IRN with nearby Ha stars identified (cf. Fig. 1). Cohen and Schwartz
interpret this objeet as a star obscured by a circumstellar disk viewed nearly edge-on, with
light scattered into two lobes, the eastern lohe being the dominant, least obscured one. It is
interesting that the speetrum of IRN obtained with the Anglo-Australian Telescope (Dopita,
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Schwartz, and Cohen, unpublished) exhibits a nearly featureless, extremely red continuum
(with a possible weak Ha absorption feature). In particular, there is no indication of emission
lines which would signal the presence of mass outflow. The bolometric luminosity (18L(V)
estimated for the source by Cohen and Schwartz suggests that the object could be a mid
to-Iate A-type ZAMS star. Scarrott et al. (1987) have conducted linear polarization studies
of IRN, confirming the bipolar reflection nature of the object, and suggesting that magnetic
alignment of particles can be traced from the disk into the bipolar lobes.

A second source, B35, is suggested by Schwartz et al. (1984) as the exciting source for HR
49/50. The infrared source is located about 2.5' east of T21 (=Cedll0). The group of knots.
in RR 49-50, located about 10.5' SSW of B35, have high proper motions directly away from
B35 (Schwartz et al. 1984). The source B35 is extremely cool, and a substantial portion of its
luminosity may be radiated beyond 100j.lm. Prusti et al. (1991) have conducted a study of
IRAS sources around Ced 110. In particular, they find that B35 is really two sources, called
Ced 110 IRS4 and IRS6, and suggest that IRS4 is the driving source of the RH objects. They
also find a molecular outflow apparently emanating from IRS4. Spectrophotometric data for
RH 49 and RR 50 have been reported by Schwartz and Dopita (1980). The speetrum of HR
49 exhibits a relatively high-excitation spectrum ([0 III]/Rß ~ .66), unlike the other HHs in
Cha land Cha 11. The recent study of Mattila et al. (1989) has identified B35 as a prominent
CO outflow source with the redshifted lobe oriented in the direction of HH 49/50. This is
consistent with the positive radial velocities reported for HH 49/50 (Schwartz and Dopita
1980), and indicates an irregular cloud geometry in which the HH objects have apparently
emerged through an optically-thin portion of the extended cloud strueture.

C. Dark Cloud Extinction and Molecular Observations

The location of the Chamaelcon dark clouds away from the galaetic plane is nicely illus
trated in the catalogue of dark nebulae and globules by Feitzingel' and Stüwe (1984). Star
counts conducted by Gregorio Retem ef al. (1988) reveal the general extinction patterns in
the Cha clouds. The highest density region of Cha lappears to be in the southern block
(- 11 h 03m

, _77 0
) where visual extinctions reach Au > 6. The visual extinetion around

RD 97300 in the northern block reaches Au - 4.0, although it is clear from the work of Jones
et al. (1985) that local extinetions associated with embedded IR sources reach somewhat
higher values. Rydgren (1980) and Vrba and Rydgren (1984) have studied the extinetion in
Cha I using background stars. These authors find that, although the ratio of total to se
lective extinction R = Au/E(B-V) has normal values (- 3.1) in the thinner, outer portions
of the cloud, the values of Rapproach 5 in the denser region around HD 97300. Grasdalen
et al. (1975) reached a similar conclusion regarding a high value for R, an observation which
is pivotal for determining the distance to Cha I (see below). The recent IRAS images of the
Chamaeleon Clouds studied by Boulanger et al. (1990) reveal a complexity of cloud struc
ture with color variations on all size scales. It is suggested that the mid-IR (12j.lm) emission
is dominated by transiently-heated small grains, whereas the far-IR (lOOj.lm) emission arises
from larger grains. The color variations (seen in the attraetive color plate in ßoulanger et
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al.) therefore trace variations in the abundances of transiently-heated particles.

Only a limited amount of moleculaI' line observations have been reported for the Cha clouds.
Toriseva ei al. (1985) reported on H2CO and OH line intensities, and this data was used
by Toriseva and Mattila (1985) to examine the correlation of gas and dust. Significant
correlations are found between the H2CO distribution and the locations of Ha stars, 2JLm
Sources, warm IRAS sources, and X-ray objects. It is interesting that the H2CO line area
contour map (their Fig. 4) shows a maximum near the position of B35, the embedded IRAS
source suggested as the exciting star for HH 49/50. A 12CO (J = 2-1) survey at the position
of HH 49/50 by de Vries cl al. (1984) deteeted emission with VLSR = +4.5 kms- l , and
H2CO emission at +4.7 kms- l was reported at the position of HH 48. The work of Mattila
ei al. (1989) using the Swedish-ESO Submillimeter Telescope (SEST) to map regions of
Cha I in the lines of 12CO, 13CO, and CISO represents an important step in characterizing
the dynamics of star formation in the region. In addition to the B35 outflow source noted
above, an outflow source was discovered in the Cha I northern block centered about 2' north
of HD 97300. It suggested that T42 (=HM23) is the source of this outflow.

D. The Distance to Cha I

Distance estimates to the Cha I cloud have been derived principally from analyses of
HD 97300. Grasdalen ei al. (1975) assumed a ratio of total to selective extinetion of 5.5,
and for an AOV spectrum derived a distance of 115pc. The work of Rydgren (1980) and
Vrba and Rydgren (1984) gave observational support to the idea that HD 97300 may suffer
abnormal extinction, and using a value of R",5 for a carefully derived spectral type of B9V,
a distance of 145pc was proposed.

On the other hand, Thc et al. (1986) carried out an analysis of the spectral energy distribu
tions of both IID 97300 and lID 97048 with the assumption of normal extinction (R = 3.1)
for a three-component model (foreground interstellar extinetion, cloud extinction, and ci1'

cumstcllar shell extinetion). Using the results of model atmospheres of Kurucz (1979) to
obtain intrinsic energy distributions, it was found that the observed energy distribution
(0.12--100jlm) of lID 97300 could be generated by a star with Te!! ~ 10500K, L ~ 50L0 ,

R ~ 2.2R0 , at a distance of 220pc, assuming Av values of 0.36, 0.71, and 0.36 respectively,
for the three extinetion components. Likewise, HD 97048 gave self-consistent results for a
star with Te!! ~ 10000 K, L ~ 40L0 , R ~ 2.l~, at a distance of 170pc, with component
A v values of 0.28, 0.62, 0.34. To account for the apparent near-IR excess in these stars
which results from the assumption that R ~ 3.1, at least three Planck curves (dust shells at
different temperatures) are required. For HD 97300, a dust shell 0.1 A.U. from the star and
with a temperature of 2740K is required to produce the excess in the J, H, K bands. Cooler
and more distant dust shells (280K and 501\) sufIice to reproduce the IRAS fluxes which
are almost certainly due to reprocessed stellar radiation. The study of Jones ei al. (1985)
concurs with a distance estimate of ",215pc to lID 97300 based upon a recovered luminosity
of ""1OL0 over all wavclengths, and the claim that this is appropriate for an AOV star at
this distance.
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Problems arise when one examines the details of these studies. For example, the conclusion
of Jones et al. rests upon the assumption that all the stellar radiation effeeted by absorption
and scattering is recovered, mainly in the far-IR. This is a very dubious assumption if there
is a significant component of extinetion due to cold, dark cloud material which would have an
effeet similar to interstellar extinetion (Le., luminosity is not totally "recovered"). Moreover,
a value of 40 L0 is more appropriate for an evolved AOV star, not a ZAMS AO star for which
L"'30L0 and which would probably be a more accurate representation of RD 97300.

The study of The et al. presents several difficulties. First, it should be noted that the The
et al. study did not prove the existence of normal (R = 3.1) extinetion toward RD 97300
and RD 97048 as indicated in subsequent comments by various authors. Rather, the study
simply showed that normal extinetion was consistent with the data if the multi-component
extinction models and multi-dust shell models are appropriate along with a higher stellar
luminosity. But significant problems are present with these models which may owe their
success to the multiplicity of free parameters. First, a 2740K dust shell 0.1 A.U. from
RD 97300 seems rather implausible. Even if carbon could survive in such a circumstance,
it is difficult to understand how a static shell of this nature could exist. The complete
absence of emission lines or other indicators of mass infall or mass outflow in RD 97300
suggests that this star has settled onto the ZAMS (possibly accompanied by a thin disk),
a feature inconsistent with a close-Iying dust shell. Second, the parameters derived for
RD 97300 are not consistent with a ZAMS B9-AO star which should exhibit L"'30-35L0
(Allen 1973). Although the effeetive temperature is appropriate, the radius computed by
The et al. is probably too large by a faetor of "'1.2. Third, the discrepancy in distances for
RD 97300 (220pc) and RD 97048 (170pc) implies a very improbable cloud geometry and
viewing angle. In this respeet the sketch in Fig. 6 of The et al. is somewhat misleading. The
angular separation of the two stars (i.e., representing the northern and southern blocks of
Cha I) is about 10

, corresponding to aseparation of "'3pc for a distance of 170pc. Since
RD 97300 is computed to be 50pc more distant than RD 97048, the cloud would have to
be very narrow ("'3pc) and elongated (>50pc), viewed nearly along its elongated axis. The
discrepancy in distances to the two stars may stern from a more fundamental difficulty,
namely, the assumption that the intrinsic energy distribution of RD 97048 is amendable to
the Kurucz (1979) models. This star is typed AOpe, exhibiting emission lines indicative of
pre-main sequence aetivity. It is thus risky to assurne an intrinsic energy distribution which
is more appropriate for a standard main sequence star.

The fundamental problem for distance estimates to Cha I using RD 97300 depends not
only on the assumed value for R, but also on the bolometric luminosity of the star. It is
possible to show that a distance of ",140pc is fully consistent with a 10500K ZAMS B9
star with L'" 350 , suffering an integrated extinetion component (presumably mainly dark
cloud extinction) with R"'4. Using the observed energy distribution (0.12j.tm - 100j.tm)
for RD 97300 in The et al. (after correeting the fluxes in their Fig. 3 for the foreground
extinction component of Av = 0.36), it is possible to derive the reddening curve required
to achieve the observed flux distribution assuming that the intrinsic energy distribution is
that of the Kurucz 10500K, log g = 4 model. The result is shown in Fig. 3, along with the
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standard interstellar extinction curve of Savage and Mathis (1979). The fit requires a higher
ratio of total to seleetive extinetion in the range 0.25pm - 3.5pm than that indicated by the
standard curve. In particular, for the fit Av ~ 4.3, and the "excess" ftux in the J, H, K, and
L bands is seen to result from the non-standard extinction of a ZAMS star. The upturn in
ftuxes at and beyond 5pm (see Fig. 3 of The et al.) is almost certainly due to dust heated
by HD 97300, but at temperatures <300K.

For a distance of 140pc, the integrated 0.12pm - 135pm ftux is ,"",14L0 . The contribution
at wavelengths greater than 135pm is estimated at '""'5L0 using the extrapolation method
of Cohen (1973) with Chavarria's (1981) amended constant. This suggests a "recoverable"
luminosity of ,"",19L0 . If HD 97300 is a B9 ZAMS star with R'""'1.8R0 and T'""'10500K,
its luminosity of '""'35L0 implies that about 46% of its light is scattered and not recovered
in the observations. This interpretation has the benefit of accounting for the observations
without recourse to an excessively hot dust shell to generate near-IR radiation. Also, it
is in agreement with the more recent work of Whittet et al. (1987) and Franco (1989,
1991) where detailed extinetion studies toward the Cha clouds give persuasive evidence for
significant extinction commencing at a distance of about 140pc. Of course the interpretation
does require a rather non-standard extinction curve (although it is in general agreement
with the value of R found by Yrba and Rydgren, 1984). It remains to be determined if
there is any realistic size distribution and composition of grains which could produce the
non-standard extinetion. Concurrent with the analysis above which was drafted for the 1989
ESO Workshop on Low Mass Star Formation and Pre-Main Sequence Objeets, Steenman
and The (1989) re-evaluated the data on HD 97300 and HD 97048, concluding that abnormal
extinetion (R"'5) is present, that a hot dust shell is not required for HD 97300, and that the
data are consistent with a distance of 150±15pc. Thus there now appears to be a general
agreement upon the distance to Cha I.

III. Chamaeleon II

A. Visible Members

The Cha 11 dark cloud has received only limited attention since 1I0ffmcister's (1962) work
which identified three RW-Aur-like stars (BC, BK, and BMCha), and one BO Cep star
(BFCha). Schwartz (1977) included this cloud in an objeetive prism Schmidt survey for Ha
stars and HH objeets. Nineteen Ha stars were identified, including the foul' stars found earlier
by Hoffmeister. These objcets are listed in Table 3 where column 1 contains a running T
number in the fashion of Table 1, column 2 lists various designations (sec Table 1 references),
column 3 lists the finder ehart numbers (Fig. 4), columns 4 and 5 give the 1950 coordinates,
column 6 the visual magnitude, and column 8 cross-identifications from thc IRAS PSC (this
study, Gregorio Hetem et al. 1988). The Schwartz (1977) survey also idcntified and listed
coordinates for the objeets HH 52-54 which are located in Fig. 4. It should be noted that
approximate red mags and Ha emission-li ne strengths for the Ha stars are also contained in
the 1977 survey article.
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The only detailed work reported on any of the Cha Il stars is that of Krautter and Mouchet
(1983) on BMCha. The star is found to be strongly variable on a 24 hour time scale, with
a possible anti-correlation in changes of line strength between the Fell lines and the Balmer
lines. These authors report J, H, K, L photometry for the star which is classified as MO 
MI on the basis of TiO bands. The four Hoffmeister variables (BC, BF, BK, and BMCha)
were included in the v sin i study of Franchini et al. (1988a).

The group of HH objeets has perhaps received more observational attention than all of the
Ha stars in Cha Il. Schwartz and Dopita (1980) reported optical spectrophotometry for
HH 54B and 54C, including radial velocity computations. Spectrophotometry of [0 I], [N
Il], Ha, and [S Il] emission in the various components of HH 52, 53, and 54 was carried
out by Graham and Hartigan (1988), along with a detailed radial velocity map of gas in
the complex. The proper motion study of HH 52-54 carried out by Schwartz et al. (1984)
suggested rather disjointed motions, although the baseline of the study was insufficient to
pin down speeific motions. This HH complex is dominated by low-excitation gas (I[S Il]
> I(Ha)), and the emission structure is somewhat diffuse, showing possible connections
between the objeets in the deep Ha images of Graham and Hartigan. A probable exciting
star for HH 52-54 was identified by Cohen and Schwartz (1987), with a detailed study by
Hughes et al. (1989) to be discussed in the next section.

Elias (1980) reported relatively strong IR emission from HH 54 in the 1-0 S(1) and Q
branch lines of H2 • High spatial resolution maps of HH 52-54 in the H2 S(I) line have been
published by Sandell et al. (1987). This study also suggests locations of possible exciting
stars for HH 52 and 53, although the evidence is not compelling. Most recently, Wilking et al.
(1990) have reported the results of IR speetrophotometry of several S-branch 1-0 and 2-1
lines, and Q-branch 1-0 lines of H2 in HH 54. In combination with atomic line strengths from
optical speetrophotometry, the results suggest that both the atomic and molecular emission
emanate from partially dissociative J-shocks in the shock velocity range 40-50 kms- I .

B. Infrared Members

IRAS PSC sources can easily be identified with five of the Ha stars in Table 1. However,
there are a number of IRAS sources in the dark clouds without visible counterparts. The
PSC was scanned in a region defined by the coordinate range 12h 40m to 13h 10m , -76° 20'
to -78°, encompassing the Cha Il dark cloud strueture seen in Fig. 4. This region contains
34 IRAS sources, including the five listed in Table 3. A control region of identical area at
the same galaetic latitude (-14°) but at a galaetic longitude 3° greater than that of Cha II
reveals only 17 IRAS PSC sources, with 12 indicating relative1y "hot" IR flux distributions
typieal of certain field stars. It is evident that the excess of IRAS sources in the Cha II
block signals the presence of a number of cloud-associated sources. Measurement of IRAS
source positions on the optical photograph of Cha II (Fig. 4) yields a list, given in Table 4,
of far-infrared candidate members. Column 1 gives the IRAS identification, column 2 the
identification letter for the position plotted on the finder chart (Fig. 4), columns 3 and 4 the
1950 coordinates, and column 5 the IRAS fluxes in Janskys. The list includes the sources
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associated with Ha stars (Table 3), in addition to all sources whose colors and positions
with respeet to the dark clouds suggest cloud membership. Fig. 4 includes identification
(letter I) of 8 IRAS sources associated with visible stars which are generally outside the
cloud boundary and which exhibit colors more indicative of normal stars. These 8 sources
are not incorporated in Table 4.

The most interesting source is 12496-7650 which is suggested as the exciting star of HH 52
54 (Cohen and Schwartz 1987, Hughes et al. 1989). The source (a) is located nearly dead
center in a dense cloud about 14' SW of HH 52-54. Hughes et al. have provided a detailed
study (including J, H, K, L photometry) of this source and surrounding IRAS sources.
Extended far-IR emission is noted both to the SW and NE of the source, consistent with
the idea of abipolar flow. Moreover, de Vries et al. (1984) find 12CO(J = 2-1) emission
in {he HH 52-54 region, although the strueture of the emission has not been mapped in
sufficient detail to determine if it represents a portion of a true bipolar flow. Hughes et al.
find a luminosity of 50L0 for the IRAS source (assuming a distance of 200pc). The near-IR
magnitudes are reported to be strongly variable. Hughes et al. (1991) have very recently
repOl"ted the identification of an optical counterpart to IRAS 12496-7650. The objeet, a faint
star of approximately 17th mag and with a probable history of variability, shows spectral
characteristics of an embedded Herbig Ae star. Graham and Chen (1991) deteeted ice band
absorption at 3j.tm in the star, and Knee (1992) found a weak molecular outflow there.

Figure 4 shows several other IRAS sources located within regions of high obscuration, notably
sources j, k, q, and u. Sources k and u are most intriguing, indicating the presence of
substantial, cool far-IR emission. Sources j and q, like a number of other sources in Table 4,
exhibit only weak 100j.tm detections, and must be viewed with caution since they may
represent infrared cirrus fluetuations. Sources band h exhibit interesting far-IR colors, and
are apparently associated with visible stars near the edges of regions of high obscuration.

The IRAS data suggest the need for additional observations at near-IR wavelengths and
molecular line observations (CO, etc.) for key sources in Table 4.

C. Cha 11 Dark Cloud Strueture

The general pattern of obscuration in Cha 11 contains the "thumbprint nebula" identified
by Fitzgerald (1974) and studied in more detail by Fitzgerald et al. (1976) in which it
was concluded that the cloud strueture meets several criteria for clouds in the process of
gravitational collapse. The Cha 11 structure is somewhat less homogeneous than the Cha I
cloud strueture. The extinction study of Gregorio Hetem et al. (1988) shows Au obscurations
up to 5.5 mags in the darkest cloud near 12h 50m

, -77°, the cloud containing IRAS source
12496-7650. One should note apparent errors in Fig. 6 of Gregorio Hetem et al. which shows
significant obscuration (Au f"ooI 5) in a region near 12h 43m

, -76.3°. This strueture does not
appear in their Fig. 7, nor does it appear on direct plates.

The distance to the Cha 11 complex is an open question which will require additional obser-
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vations. Its proximity to Cha land its general cross-sectional area which is also comparable
to Cha I lead to an impression that they could share the same distance. Indeed, King et al.
(1979) suggest that the "thumbprint nebula" might be part of a much more extensive layer of
material underlying the local galaetic plane at an altitude of 40-80pc. If indeed both Cha I
and Cha 11 are associated with such material as elose as 40 pc to the plane, the galaetic
latitudes of the complex suggest distances of f"V 150pc for Cha land f"V 165pc for Cha 11.
At 80pc altitude the distances would be doubled. The "broken layer" may weIl be scattered
between 40 and 80pc, allowing a distance of f"V150pc for Cha land a distance of f"V330pc for
Cha 11. However, this is entirely conjeetural since the detailed distribution of material in this
region is unknown. It should be noted, however, that Fitzgerald et al. (1976) arrived at a
distance of 400pc for the "thumbprint nebula" on the basis of star counts. Also, favoring the
idea of a greater distance is the fact that Ha stars in general give the appearance of being
1-2 mag fainter than their counterparts in Cha I, although this could be caused by a higher
average obscuration for the Cha 11 stars in comparison with the Cha I stars.

IV. The Chamaeleon III Dark Cloud

The rather irregular distribution of obscuration in Cha 111 centercd near bIl = -17.5°,
fIl = 302.5° is evident in the sketches of Feitzinger and Stüwe (1984) and Franco (1989,
1991). An objeetive prism survey of the eloud by Schwartz (1977) revealed no Ha emission
stars. The exposure, however, was only half that used on the Cha 11 c1oud, so very faint
Ha stars could have been missed. At the same time, the extinetion study of Gregorio
Hetem et al. (1988) show most regions of the c10ud with Av < 3, with only one small
patch near 12h 50m

, -79.3° reaching Av f"V.5. Evidently conditions in this c10ud have not
been appropriate for gravitational collapse. A scan of the IRAS PSC in the range 11 h 59m

to 13h 15m , -78° to -81.5° reveals 63 sources, most of which are indicative of galactic
background sources. A control region of the same area at the same galaetic latitude but at
fIl = 306.6° reveals 55 IRAS sources. The difference of 8 sources probably has no statistical
significance. In Cha 111 22 of the sources are weak 100Jlm only deteetions, possibly refleeting
infrared cirrus strueture in the elouds. The control region shows 10 sources with 100Jlm only
deteetions.

V. Summary

This review has presented lists of prospective association membcrs in Cha land Cha 11,
including the results of X-ray, visible (Ha), and infrared surveys. Updat.cd finder charts
have been presented, and short discussions of some of the more intriguing objects in these
c10uds are given. The distances to Cha land Cha 11 are discussed in some detail. Although
firm conelusions are not possible, existing data appear to be most consistcnt with the smaller
(f"V 140pc) distance to Cha I.
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Table 1

Chamaeleon I Association - Optical Candidate Members

-
In Other1 Finder R.A. (1950) Dec. (1950) V Spectral IRAS2 Near-IR3

ChaI Designations Chart Type Far-IR refs

Tl Szl 1 lOh 50m 54.7' -760 53' 52"

T2 8WCha, 86319 10 53 24 -77 39 18 MO:

T3 8XCha, 86320 2 10 54 49.7 -77 08 36 14.65 MO.5 10548-7708 1

HM1, 8z2, HBC564
T4 8YCha, 86321, HM2 3 10 55 18.5 -76 55 35 13.03 MO: 10552-7655 1

8z3, HBC565, CHX1
T5 8z4 4 10 56 27.5 -76 43 30

T6 8ZCha, 86323, Glass V 4a 10 57 05.7 -77 01 17: 11.99 KO 10570-7701 1,2

HBC566, CIIX2
\

T7 TWCha, 86326 5 10 57 47.2 -77 06 34 13.08 10577-7706 1,2,3

HM3, 8z5, HBC567
1'8 LHa332-20, HM4 6 10 57 50.8 -76 45 33 11.22 K2(Li) 10578-7645 1, 3

8z6, I1BC244, CIIX3
1'9 IIM5, 8z7 7 ]0 58 54.9 -76 28 07 10589-7628 1

Tio I1M6, 8z8 8 10 59 18.2 -76 03 18 1

TU C8Cha, HM7 9 11 01 07.8 -77 17 25 11.63 K5: 11011-7717 1, 3

8z9, IIBC569, CHX4 B24

1'12 lIM8,8z10 10 11 01 36.2 -77 05 39 1

1'13 TZCha, 86334 10a 11 02 28 -76 39 36

1'14 CTCha 11 11 02 43.6 -76 11 06 12.36 K7: 11027-7611 1, 3

HM9, Szl1, I1BC570
T14a HII48 II 1148 11 03 01.9 -77 01 55 11030-7702

1'15 HM10, Sz]2 12 11 03 03.8 -77 09 36 1

1'16 8z13 13 11 03 35.0 -76 59 44

1'17 UUCha, 86335 13a 11 03 57 -76 14 24

1'18 Sz14 14 11 03 56.5 -77 36 40

Ti9 Sz15 15 11 04 22.4 -77 38 30

1'20 UVCha, 86336 ]5a: 11 04 25.2 -76 02 00: 13.79

lIBC57]
1'21 Gla.~s F, Ced 110 15b 11 04 52.4 -77 05 41 11.28 G: 11048-7706 1

CIIX7 B32

1'22 UXCha, 86337, CIIX8 15c: 11 05 15 -77 10 30 B337

1'23 UYCha, 86340 ]6 11 05 34.8 -77 02 38 B34

I1M11,8z16
1'24 UZCha, 86341, 8z17 17 11 05 43.6 -76 16 06 14.90

1'25 HMI2, Sz18, I1BC572 18 11 05 48.1 -75 46 47 15.35 M2,3 11057-7546 1

1'26 CoD-76° 486, I1M13 19 11 05 57.5 -77 21 50 10.68 G2V(Li) 11059-7721 1,3,4

8z19, I1BC245, CHX9 B377

1'27 VVCha, 86342 20 11 06 01.1 -76 35 55 14.80 M1.5 1

IIMI4, 8z20, I1BC573
1'28 I1MI5, 8z21, I1BC574 21 11 06 20.4 -77 23 25 15.34 MO.5 1

1'29 I1M]6,8z22 22 11 06 34.3 -77 22 28 14.2 B37? 1,6

1'30 8z23, CII X11: 23 11 06 34.8 ·-77 26 24 B417

1'31 VWCha, 86343, I1M 17 24 11 06 38.1 -77 26 ]2 12.51 K2 B417 1,2

8z24, I1BC575, CHXl1:
1'32 I1D97048, HMI8 25 11 06 39.6 -77 23 0] 8.45 AOpe 11066-7722 ],3,4

8z25, 11 BC246n, Ced 111 B37, WBO
1'33 Class I, CIIXI2 25a 11 06 50.2 -77 17 31 11068-7717 1

B407

113



Table 1 (continued)

Chamaeleon I Association - Optical Candidate Membe,rs

i

ID Other1 Finder R.A. (1950) Dec. (1950) V 8pectral IRA82 Near-IR3
ChaI Designations Chart Type Far-IR refs

T34 HM19,8z26 26 11h 06m 52.9" _77° 28' 20" 1
T35 HM20, 8z27, HBC576 27 11 07 12.5 -76 59 47 16.28 B42 5, 6
T36 VXCha, 86345 27a 11 07 19 -76 28 12
T37 8z28 28 11 07 20.0 -76 08 55
T38 VYCha, 86346 29 11 07 26.6 -76 45 55 17.5: MO.5 1,5

HM21, 8z29, HBC577
T39 8z30, CHX14 30 11 07 45.9 -77 12 55 13.17
T40 VZCha, 86347 31 11 07 51.9 -76 07 02 12.75 K6 11078-7607 1,3

HM22, 8z31, HBC578
T41 HD 97300, Ced 112 31a 11 08 17.9 -76 20 30 B9V 11082-7620 5, 8

WBO, J
T42 HM23, 8z32, HBC579 32 11 08 21.9 -76 18 06 11083-7618 5, 6
T43 8z33, CHX15: 33 11 08 22.1 -76 13 06 J(Cl-17) 7
T44 WWCha, 86348, HM24 34 11 08 28.5 -76 18 38 13.27 K5: 1,3,5

8z34, HBC580, CHX16
T45 WXCha, 86349, HM25 35 11 08 32.2 -77 20 50 14.86 K7, MO 11085-7720 5,6

8z35, HBC581, CHX17 B44
T45a GK-1, HBC582 35a 11 08 33.2 -76 19 25 14.34 MO 6
T46 WYCha, 86351, HM26 36 11 08 34.8 -76 13 18 13.98 K7,MO 11085-7613 1,7

8z36, HBC583, CHXI5:
T47 HM27, 8z37, HBC584 37 11 09 20.4 -77 01 32 15.54 K7: 11093-7701 6

B46
T48 WZCha, 86352 38 11 09 20.6 -76 18 12 15.26 MI 1,7

HM28, 8z38, HBC585
T49 XXCha, HM29, 8z39 39 11 10 05.0 -76 03 53 15.28 M2 11101-7603 1

HBC586, CHX18
T50 8z40, HBC587 40 11 10 35.6 -76 18 14 Ko 5
T51 8z41, HBC588, CHX20: 41 11 10 50.2 -76 20 45 11.60 Ko 11108-7620 5
T52 CVCha, LHa 332-21, 42 11 10 53.8 -76 28 01 10.96 G8V(Li) 11108-7627

HM30, 8z42, HBC247,
CHX19:

T53 CWCha, HM31, 8z43, 43 11 10 57.1 -76 28 02 14.45 G: 1,3,5
HBC589, CHX19:

T54 HMAnon, CHX22 43a 11 11 09.6 -77 05 48 11.16 11111-7705
B50

T55 8z44 44 11 11 57.8 -76 19 15 5
T56 HM32, 8z45, HBC590 45 11 15 58.4 -76 48 12 13.50 MO.5 11159-7648 1

10ther Designations

8z: 8chwartz (1977)
8: Hoffmeister (1962)
HM: Henize and Mendoza (1973)
HBC: Herbig and Bell (1988)
Glass: Glass (1979)
LHa: Henize (1954)
Ced: Cederblad (1946)
CHX: Feigelson and Kriss
GK: Appenzeller et al. (1983)

2IRA8, Far-IR references:

IRA8 Point 80urce Catalog
B: Baud et al. (1984)
WBO: Wesselius et al. (1984)
J: Jones et al. (1985)
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1. Glass (1979)
2. Glass and Penston (1974)
3. Grasdalen et al. (1975)
4. Kilkenny et al. (1985)
5. Hyland et al. (1982)
6. Appenzeller et al. (1983)
7. Jones et al. (1985)
8. TM et al. (1986)



Table 2

Chamaeleon I Association
Candidate IR Members Not Associated with Visible Stars

1D1 R.A. (1950) Dec. (1950) J, H, K, .L IRAS Fluxes (Jy) Notes2

(mags) [12] [25] [60] [100]

B23 11h OOm 30' _77° 27.7' 0.15 0.22 2.34

B~9 11 03 41 -77 25.3 0.08 0.30

B31 11 05 03 -77 18.1 0.04 0.37 12.1

B35 11 05 55 -77 06.3 0.47 1.97 8.62 82.5 1

B38 11 06 32 -77 01.1 0.23 0.28 0.34

B40 11 06 52 -77 16.1 9 20 >30 C 3

IRN 11 07 15.1 -77 27 35 8.10 6.12 11.6 83.1 233.3 250.1 2

C9-'1 11 07 25.6 -77 27 23 13.84 11.98 10.66

Cl-15 11 07 43.1 -76 12 30 12.02 11.26 10.95

Cl-18 11 07 44.6 -76 14 15 12.00 10.26 9.20

Cl-6 11 07 49.5 -76 18 19 13.26 10.76 9.22

Cl-25 11 08 10.8 -76 18 45 13.97 11.53 10.12

C2-3 11 08 12.7 -76 27 38 12.00 10.81 10.20

Cl-24 11 08 14.8 -76 18 37 12.19 10.79 10.08

C7-1 11 08 15.5 -77 09 43 12.43 11.19 10.61

Cl-2 11 08 20.7 -76 16 24 13.24 10.73 9.25

B43 11 08 24 -77 10.0 0.07 0.14 0.28 C 3

C7-11 11 09 08.2 -77 16 34 9.83 8.78 8.29 0.27 0.41 0.28 4

C2-5 11 09 21.5 -76 29 16 11.39 10.47 9.97

B47 11 09 39 -77 10.0 0.07 0.10 0.23 C 3

= .

lDe' .slgnatlOns
B: Baud et al. (1984)
C: Hyland et al. (1982), Jones et al. (1985)

1. Probable exciting star for HH 49/50.

2. Source associated with the "Infrared Nebula", Schwartz and Henize (1983). Position and photometry
from Cohen and Schwartz (1984). (=C9-2,3 in Hyland et al. 1982; = lRAS 11072-7727=B41?)

3. Confusion at 100/Jm.

4. lRAS ftuxes from PSC, source 11091-7716. Although Hyland et al. (1982) do not list an optical
association, the position is coincident with a prominent star 5.7' SE of T39 (Sz30, See Fig. 1). See
also Hetem et al. (1988).
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Table 3

Chamaeleon 11 Associatioll - Optical Candidate Members

ID Other Finder R.A. (1950) Dec. (1950) VI IRAS Notes2

Cha. 11 Designa.tions Cha.rt

Tl Sz46 1 12h 52m 52.9" -76 0 29' 33" 14.32
T2 Sz47 2 12 53 17.2 -76 30 54
T3 Sz48 3 12 57 05.7 -76 53 00
T4 Sz49 4 12 57 06.9 -76 38 06
T5 Sz50 5 12 57 07.4 -76 54 13 12571-7654
T6 BCCha., S6428 6 12 58 05.7 -77 35 13 14.49v 1

Sz51, HBC593
T7 Sz52 7 13 00 28.5 -77 36 25
T8 Sz53 8 13 01 17.6 -77 14 48
T9 BFCha., S6437, Sz54 9 13 01 24.6 -77 22 57 12.43v 13014-7723 2
TI0 Sz10 10 13 02 33.6 -77 17 58
T11 Sz56 11 13 02 42.1 -77 14 33
T12 Sz57 12 13 03 00.3 -77 07 08
T13 Sz58 13 13 03 01.0 -77 07 39 13030-7707
T14 BKCha., S6443,Sz59 14 13 03 11.8 -77 14 29 14.97v 13031-7714 1
T15 Sz60 15 13 03 24.9 -77 21 21
T16 BMCha., S6445 16 13 04 04.9 -77 39 04 14.96v 13040-7738 1,3

Sz61, HBC594
T17 Sz62 17 13 05 46.6 -77 41 25 15.35v
T18 Sz63 18 13 06 05.5 -76 54 47
T19 Sz64 19 13 09 55.2 -77 37 14

IVisual magnitudes from Schwartz and Noah (1978) which contains fuH V, ß, V, R mags. A "v"
indicates strong variability.

2Notes:

1. I10ffmeister (1962) classifies as RW Aur-like star.

2. I10ffmeister (1962) classifies as ßO Cep-like star.

3. Listed as MO-MI by Krautter and Mouchct (1983).
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Table 4

Chamaeleon 11 Association - Far Infrared Candidate Members
i i

IRAS Finder R.A. (1950) Dec. (1950) IRAS Fluxes (Jy) Notes

Chart [12] [25] [60] [100]

12496-7650 a 12h 49 m 38.0' -760 50' 45" 39.3 '85.6 104.9 87.4 1

12500-7658 b: 12 50 03.0 -76 58 49 1.01 2.72 2

12506-7730 c: 12 50 39.3 -77 30 52 4.36 3

12510-7718 d: 12 51 04.2 -77 18 34 3.12 3

12510-7631 e 12 51 05.7 -76 31 36 3.44 3

12522-7640 f 12 52 12.4 -76 40 01 .59 4

12533-7632 g 12 53 19.3 --76 32 12 .83

12535-7623 h 12 53 30.6 -76 23 57 .47 .55 .26 3.57 2

12539-7627 i 12 53 57.6 -76 27 02 7.60 3

12551-7657 j 12 55 07.1 -76 57 20 4.19 3

12553-7651 k 12 55 20.3 -76 51 22 .62 3.82 9.68

12554-7635 1 12 55 29.5 -76 35 00 3.16 3

12571-7654 m 12 57 07.6 -76 54 31 .52 .86 5.82 =T5

12583-7634 n: 12 58 19.9 -76 34 59 2.26 3

12591-7719 P 12 59 10.5 -77 19 09 3.28 3

12594-7707 q 12 59 24.6 -77 07 32 3.93 3

13014-7723 r 13 01 27.9 -77 23 16 .36 .35 3.65 =T9

13030-7707 s 13 03 03.3 -77 07 52 .40 .47 .74 3.00 =T13

13031-7714 t 13 03 09.4 -77 14 08 .33 .30 .39 =T14

13036-7644 u 13 03 41.4 -76 44 03 1.05 6.38 22.57

13040-7738 v 13 04 02.7 -77 38 44 .68 .77 .78 =T16

13047-7750 w 13 04 43.5 -77 50 11 4.27 3

I i

Notcs:

1. Exciting star for 111152-54 (Cohcn and Schwartz 1987, I1ughes et al. 1989).

2. Associatcd with prominent star at edgc of dark c1oud.

3. Wcak, IOD/tm sources only may be due to IR cirrus.

1. Possibly due to dust and/or [01] 63/1m emissions in I1H 54 (see Hughes et al. 1989).
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The Southern Coalsack: Where are all the Young Stars?

L.-A. Nyman

SEST Project
European Southern Observatory

Casilla 19001, Santiago 19
Chile

Summary

The Southern Coalsack is the most prominent, isolated dark cloud in the southern Milky
Way. It is situated on the Galaetic equator at I = 303° and has a diameter of about 6°.
The visual extinction over the cloud varies between 1 and 3 magnitudes but can be much
higher in small condensations and globules. From photometric studies the distance to the
Coalsack has been estimated to '" 180 pc. A CO (1-0) survey of the whole cloud shows that
it is very fragmented, consisting of clumps and filaments, and the total mass is estimated
to '" 3500M0 . A cloud of this size and mass would be expected to contain young stars, but
so far none has been found (except maybe one object), although searches have been made
for T Tauri stars, fiare stars, and HH objects. There are also several IRAS point sources
with the color-color charaeteristics of embedded young stellar objeets in the direetion of
the Coalsack. Some of them, however, are associated with a massive background molecular
cloud, and there is no evidence that the others are located within the Coalsack.

1. Extinction and globules

The Coalsack is an irregular, inhomogeneous cloud (see Fig. 1) with an average visual
extinction between 1 and 3 magnitudes although it can be much higher in some regions
(Unsöld, 1929; Müller, 1934; Rodgers, 1960; Mattila, 1970; Tapia, 1973). The existence of
globules in the Coalsack was first noted by Westerlund (1960) who found regions of high
extinction in the northern part of the nebula. Tapia (1973) found six globules in four
selected areas, of which his globule no 2 is the densest globule in the cloud. It has been
studied extensively by several groups and will be described in detail below. Positions of
globules in the Coalsack have been published by Bowers et al. (1980) and as part of catalogs
of globules in the southern sky by Hartley et al. (1986), Sandqvist and Lindroos (1976),
and Sandqvist (1977). The 23 globules listed in Bowers et al. (1980) are part of a list of 27
globules mentioned in Bok et al. (1977).
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Figure 1: A photograph of the Coalsack kindly supplied by C. Madsen. It is part of a
panorama of the Milky Way published in "Exploring the Southern Sky" (Laustsen, Madsen,
West; Springer-Verlag.
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2. Distance

The distanee to the Coalsaek has been determined from photometrie studies deseribed in
several papers:

1) Rodgers (1960) estimates the distanee to 174 ± 18 pe.

2) Seidensticker and Sehmidt-Kaler (1989) eoncludes that the Coalsack is mainly eomposed
of two clouds, one at a distanee of 188 pe, the other at 243 pe.

3) Franeo (1989) gives an upper distanee estimate of 180 ± 26 pe to the main parts of the
cloud, although he finds some evidenee suggesting the presen:ee of absorbing material as near
as 120 pe.

In eonclusion, the distanee to the Coalsaek seems to be ,...., 180 pe although some parts of the
nebula may be situated as near as 120 pe and others as far as 240 pe. Assuming a distanee
of 180 pe the linear extent of the cloud is ,...., 20 pe.

Behind the Coalsaek is an interarm region extending out to ,...., 1000 pe (Rodgers, 1960;
Franeo, 1989) beyond whieh the reddening suggests the presenee of a massive moleculaI'
cloud. This background cloud is seen in a CO survey of moleculaI' clouds in the Carina. arm
(Cohen et al. , 1985; Grabelsky et al. , 1987), and is situated in the near side of the arm.
There are also two clouds in the far side of the arm, at a distanee of about 14 kpe, which
are situated in the direetion of the Coalsaek.

3. Molecular and atomic gas

A eomplete survey of the CO (1-0) emission from the Coalsaek with aresolution of 8.8'
has been made by Nyman et al. (1989). A map of the integrated CO intensity is shown in
Figure 2. The CO distribution clearly reveals the very eomplex appearanee of the Coalsaek
with many clumps and filaments. Several parts of the cloud have multiple line profiles
with up to 3 01' 4 lines at veloeities between -8 and +2 kms-1 • The upper part has a
more positive velocity than the lower part, suggesting that they may be situated at slightly
different distanees. There is a very good agreement between the optieal extinetion and the
CO intensity, and the globules are generally situated on 01' near the peaks of CO emission.
The total mass of the Coalsaek was found to be""" 3500M0 , derived from the relation between
CO intensity versus moleculaI' hydrogen eolumn density (Bloemen et al. , 1986). The CO
exeitation temperature was found not to exeeed 11 K and the lines are narrow, typieally
1.0-1.3 kms- 1• The CO (1-0) emission in a 27' by 21' region around 1 = 303.7,b = 0.9
has been mapped by Wang and Otrupeek (1989) with aresolution of 2.7', including the
dark cloud DC303.6+0.9 in the list of IIartley et al. (1986). The CO line profiles typieally
eonsist of two eomponents in agreement with the data of Nyman et al. (1989). Bowers et al.
(1980) have searehed for neutral hydrogen self absorption features toward 23 globules. HI
features were found only in the western part of the nebula, whieh is the region of thc highest
extinction and where the densest globule is situated (see below). This is also the place of
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the strongest CO emission.

4. The densest region

The densest region in the Coalsack is situated in its western part, centered around 1= 3010,

b = -1 0 (see Fig. 2). The region seems to consist of a lower density medium with an
average visual extinction of 3-5 mag (Rodgers, 1960; Tapia, 1973; Jones et al. , 1984) in
which globules no 1, 2, and 3 in Tapia's list are embedded. An extinction map over 1 square
degree of this region has been made by Gregorio Hetem et al. (1988). They found four high
extinction cores with Av > 3 mag, the three largest corresponding to the three globules.
This part of the Coalsack has been mapped with 8.8' resolution in CO (1-0) and 13CO (1-0)
by Nyman et al. (1989), and in CO (1-0) with aresolution of 2.7' by Otrupcek and Wang
(1987). Previous CO observations have been made by de Vries et al. (1984) who made a
CO (2-1) strip map across the globules and by Huggins et al. (1977) who observed the 1-0
line at six positions elose to the globules. Bowers et al. (1980) found an HI self absorption
feature extended over the region. The CO and HI observations give similar results:

i) there is no enhancement of the CO emission or the HI absorption toward the globules,
implying that the surrounding gas and not the globules themselves are probed by these lines,

ii) the spatial distribution of the line intensities has a sharp edge in the west and a gradual
decline toward east in good agreement with the distribution of the extinction,

iii) the lines have an almost constant velocity of about -6 kms-1 toward the globules and a
weIl defined velocity gradient of 0.5 kms-1pc-1 eastward.

The globules do not appear in the 13CO observations which could be due to the low resolution
of those observations. The 13CO optical depths, however, are fairly high, between 0.3 and 0.9,
and have a smooth distribution over the globules, suggesting that also here we mainly see the
surrounding gas. Observations of H2CO and OH (Sinelair and Brooks, 1972; Brooks et al.,
1976), however, show that the H2CO distribution agrees quite weH with that of the globules,
while the OH emission is more widespread but has a peak elose to globule 2, indicating that
these molecules probe the inner part of the globules.

5. Globule no 2

The densest globule in the Coalsack is globule no 2 in Tapia's list. It has been investigated
by means of star counts and is found to have a diameter of about 6' (Bok et al., 1977) and
a central visual extinction of about 20 mag (Bok, 1977). Bok et al. (1977) derive a mass of
the globule that can be as high as 25M0 . Using near infrared photometry, spectroscopy, and
polarimetry Jones et al. (1984) find no sign of a central density enhancement in the globule
down to a level of 15", agas and dust temperature ~ 10 K, and weak evidence of a mildly
compressed magnetic field. They derive a mass of the globule of '" 12M0 , which is about
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half the value estimated by Bok et al. , mainly because a "background" visual extinction of
5 mag was removed before calculating the mass. There is no evidence that the globule is
collapsing neither from its density strueture nor from the shapes of the observed radio lines.
It is possible that the globule is supported by turbulence or a magnetic field. There is no
evidence for a protostellar objeet or a young cluster associated with it (Jones et al., 1980).
Nyman et al. (1991) mapped the globule in the CO (1-0), I3CO (1-0), CISO (1-0), and
CS (2-1) lines with the Swedish-ESO Submillimetre Telescope (SEST, described in Booth
et al., 1989). They found a CO excitation temperature of 12 K, that the CISO and CS line
intensities are peaked toward the center of the globule, and they derived a mass of 1"V1O M0
for the globule.

6. Star formation

In a cloud as massive as the Coalsack one would expeet to find some evidence of recent star
formation. However, no young stellar objeets were found in searches for Ha emission objects
such as T Tauri stars, Rare stars, and HH objects (Andrews, 1972; Weaver, 1973, 1974a,
1974b; Schwartz, 1977; Gahm and Malmort, 1980; Reipurth, 1981), although it is not clear
whether some of the Rare stars are young or not. Recently Eaton et al. (1990) discovered
that the objeet Re 10 (Reipurth, 1981) in the direetion of the Coalsack is abipolar refleetion
nebula, with a central object that is obscured by a circumstellar disco It is not clear, however,
if this object is associated with the Coalsack.

It is difficult to investigate the presence of IRAS point sources in the Coalsack because it is
situated in the Galaetic plane, which gives a high confusion particularly at 100jLm. However,
Nyman et al. (1989) found about 200 point sources with the color-color characteristics
of young stellar objects toward the Coalsack. Most of these sources outline the massive
background molecular cloud in the Carina arm behind the upper part of theCoalsack.
Toward the lower part they found 6 point sources within the 2 K kms-I CO contour, but
none of them are situated near a CO peak or a dark globule. Gregorio Hetem et al. (1988)
list 10 IRAS sources in the western part of the cloud that could be young stellar objeets,
however none of them have any known optical counterpart. To find out if there are any
molecular outflows or dense cores associated with the IRAS sources, Nyman et al. (1991)
have observed the CO (1-0), CISO (1-0), and CS (2-1) lines with the SEST in the direction
of 25 IRAS point sources toward the Coalsack, three of which are the first three sources
listed in Gregorio Hetem et al. (1988). There is no evidence for an outRow or a dense core
toward any of the objects. Some of them turn out to be associated with HII regions in the
background molecular cloud.

The reason for the absence of star formation in the Coalsack is not clear. It maybe one
of the few larger clouds where star formation has not yet started, perhaps because of lack
of some external triggering mechanism or because the globules are stable against collapse
due to turbulence and/or magnetic fields. Note that there is no evidence for collapse or the
presence of any young stellar objeets in the densest globule.
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Further sensitive searches for and studies of Ha emission objects should be done to truly

investigate if there is no star formation taking place in the cloud.
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The Star Forming Region in Lupus

Joachim Krautter

Landessternwarte, Königstuhl
D-6900 Heidelberg, Germany

I. Introduction

First evidence for ongoing star formation in Lupus was given by Joy's (1945) discovery of
a T Tauri star in Lupus (RU Lup). However, due to its southern location, for the next
thirty years the Lupus star forming region received only little attention. This is best
demonstrated by the fact that the 'Second Catalog oE Emission-Line Stars oE the Orion
Population' by Herbig and Rao (1972) contains only 6 stars in the Lupus area. However,
mainly due to strongly improved observing faeilities in the southern hemisphere, the situation
has considerably changed by now. Since the T association in Lupus represents one of
the most nearby regions of star formation, it is especially weIl suited for more detailed
observations.

Observations within the last fifteen years have shown that the star forming region in Lu
pus contains one of the largest T associations of the southern sky. However, no massive OB
stars are found in Lupus. The TTauri stars, which are believed to be low-mass (M~3M0)
pre-main-sequence (PMS) stars, are concentrated in four subgroups designated Lupus 1 to
Lupus 4. The Lupus 1 and Lupus 2-4 subgroups are associated with small dark clouds which
are embedded in a larger complex of CO emission (Murphy 1986). The four subgroups,
which are located between the galactic coordinates 335° ~ ZII ~ 341° and 7° =5 bIl ~ 17°,
are shown in Figures 1a and 1b, respectively. Galactic and equatorial coordinates of the
centers of the individual subgroups are given in Table 1. Apart from T Tauri stars other
objects related to star formation have been found in Lupus: One Herbig Ae/Be star, and
Herbig-Haro object/jet sources.

In this review on the Lupus star forming region the collective properties of the T Tauri
star population will be described and results obtained on individual 'PMS objects will be
presented. CO observations, magnetic field structure, and distance estimates will be sum
marized and discussed. It is not intended to give a complete list of all the many papers
published about Lupus, rather a selection of the relevant literature (which must be neces
sarily subjective) will be given.
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Figure la: Reproduction of a blue SERC-J sky survey plate showing the Lupus 1 dark
cloud region. The southern and the northern part of the Lupus 1 dark cloud are indicated
according to Schwartz's (1977) distinction.
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Figure Ib: Reproduetion of a blue SERC-J sky survey plate showing the Lupus 2-4 dark
cloud regions. The southern and the northern part are indicated according to Schwartz's
(1977) distinetion. The individual dark cloud areas are marked.
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Fig, 2: Central part of the Lupus 3 subcloud which is one of the densest T associations known. The marked stars are
the objects from Schwartz's (1977) catalog. Note that not all of them have Ha emission lines, The two bright stars in
the center are HR5999 (south) and HR6000 (north). (From Schwartz, 1977).



Table 1: Approximate equatorial and galaetic coordinates of the centers of the four sub
groups in Lupus.

Name R.A. (1950) Dec. (1950) 111 bII

Lupus 1 15h 34m -350 3390 +150

Lupus 2 15h 52m -380 3380 +120

Lupus 3 16h 05m -390 3400 + 90

Lupus4 15h 57m -41 0 3370
. + 80

H. Collective properties of the T Tauri stars

Three Ha objective prism surveys provided the basis for more detailed studies of the stellar
content in the Lupus dark cloud. Eight years after a first survey by Henize (1954), who
found 6 Ha emission line stars, the discovery of 39 Ha emission line stars in the Lupus 1 
3 clouds was reported by Thc (1962), who introduced the subdivision in three subgroups.
15 years later, Schwartz (1977) carried out an objective prism survey in order to search for
Herbig-Haro objeets and Ha emission line stars. He found one HH object and a total of 60
Ha emission line stars which include in part the objeets already found by Thc.

As already mentioned above, Herbig and Rao's (1972) catalog of PMS stars contains 6
T Tauri stars in Lupus. The first major study was undertaken by Appenzeller, Jankovics,
anel Krautter (1983) who studied in detail 34 stars of Schwartz's (1977) list. They carried
out low-resolution spectrophotometry with a spectral resolution (FWHM) of about 7 Aand
IR photometry of all 34 objeets. In addition, medium resolution spectroscopy (~A ~ 1.4 A)
was obt.ained for 19 TTauri stars. The catalog published by Appenzeller et al. has a format
similar to Cohen and Kuhi's (1979) catalog of northern PMS stars. They present spectral
types, equivalent widths W,\ of Balmer and several other emission lines, visual magnitudes,
and luminosities. Since no extinction values were derived, the luminosities, which were
calculated for a distance of 125 pc, represent lower limits only. However, Appenzeller et al. 's
catalog is biased by selection effeets, since mainly bright and/or strong emission line stars
of Schwartz's list were observed.

Spectroscopic and infrared observations of the remaining 35 stars of Schwartz's Ha survey
were carried out by Krautter and Kelemen (1987). For the determination of luminosities
Krautter and Kelemen (1992) used a distance of 150 pc (for a discussion of the distance see
below) and includcd IRAS data for 9 stars. In their final catalog, which contains a total
of 60 T Tauri stars, also the stars of Appenzcller et al.'s catalog are included with updated
luminosities. Two Ha objeets of Schwartz's list turned out to be an active galaxy (Sz 80)
and a planctary nebula (Sz 132). Two isolated T Tauri stars (EX Lup and RY Lup) which
don 't belong to any of the four subgroups are inc1uded too in the catalog.
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In Table 2 a list of the identified T Tauri stars in Lupus is eompiled. The data are taken
from Appenzeller et al. (1983) and Krautter and Kelemen (1992). Column 1 gives the names
used in the above mentioned eatalogs, eolumn 2 gives other designations, and eolumn 3 lists
the number in the Herbig and Bell (1988) eatalog whieh eontains additional information. In
eolumn 4 the approximate visual magnitude of the star at the epoeh of the low resolution
speetrogram is givenj note, that all stars are variable. If no number is given, no ealibrated
speetrum was available. Column 5 shows the approximate photospherie speetral type as
derived from low resolution speetra. The luminosity of the star in solar ullits is presented in
eolumn 6. Only lower limits are given, sinee no interstellar extinetion eorreetion was applied.
Alliuminosities were ealculated for a distanee of 150 pe. The equivalent width of Ho: is given
in eolumn 7. Column 8 gives the identifieation of the IRAS point souree eatalog. If AJK
is given in the last eolumn, data are taken from Appenzeller et al., otherwise from Krautter
and Kelemen. We would like to note, that additional data (infrared photometry, equivalent
widths and fluxes of emission lines) ean be found in these two eatalogs. Coordinates are
given by Sehwa~tz (1977).

Heyer and Graham (1989) earried out imaging, near infrared photometry, and speetro
seopic observations of 8 T Tauri stars in the Barnard 228 moleeular eloud in whieh the
Lupus 1 subgroup is loeated. The speetral types determined by Heyer and Graham differ in
part signifieantly from those of Krautter and Kelemen. In addition, they found three previ
ously unknown Ho: emission line stars. UBVR photometrie observations of 26 of Sehwartz's
Ho: emission line objeets were earried out by Schwarz and Noah (1978). Bastien (1985)
obtained linear polarimetrie data of 11 T Tauri stars in Lupus.

More than half of the T Tauri stars (33) are found in the Lupus 3 subgroup whieh forms
at its central part one of the densest T assoeiations known. The eentral part of the Lupus 3
subgroup is shown in Figure 2 (from Sehwartz 1977). The marked stars are the Ho: emission
line stars found by Sehwartz. The two bright stars in the eentral part are the Herbig Ae/Be
star HR5999 (south) and HR6000 (north). Pietures of the other subgroups are presented
in Sehwartz (1977).

Figure 3 shows a histogram with the distribution of T Tauri stars by speetral type (Kraut
ter and Kelemen, 1987). A eomparison with eorresponding histograms of the Chamaeleon
land 11 elouds (Krautter and Kelemen) and with the histograms published by Cohen and
Kuhi (1979) shows that the relative amount of late type T Tauri stars with speetral types MI
to M5.5 is mueh higher in Lupus than in any other known major T association. This also
implies that the relative amount of stars with masses below 0.5 M0 is mueh higher in Lupus
than in any other T association. A eomparison with eonveetive-radiative evolutionary tracks
(taken from Cohen and Kuhi) in the HR-diagram of the TTauri stars in Lupus presented
in Figure 4 (Krautter and Kelemen, 1992) shows that for stars with masses ~ 0.5 M0 elose
to the Hayashi-traek, the stellar mass and the temperature behave roughly in the same way,
i.e., if the temperature deereases the mass deereases too.

The unusual mass speetrum of the Lupus T Tauri stars suggests that the initial mass
funetion (IMF) in Lupus differs from those in other star forming regions. A possible expla-
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Table 2: The T Tauri stars in Lupus. The data with AJK in the last column are taken from Appenzeller
et al. (1977), the other data from Krautter and Kelemen (1992). For further explanation see text. The
following designations are used - He: Henize (1976), Sz: Schwartz (1977), Th: The (1962).

Star Other HBC mv Sp. T. Lum. W). IRAS Ref.

Designation [mag] [L0J (Ho) 80urce

Sz65 597 12.7 K7-MO 0.98 19.4 15362-3436 ? AJK.

Sz66 15.5 M2.5 0.29 63.7 15362-3436 ?

Sz67 14.3 M2 0.32 5.9

CoD _33° 10685 Sz 68 248 10.8 K2 5.50 2.8 15420-3408 AJK

Ho 450-5 Th 2, Sz 69 598 17.2 MI 0.20 306.5 AJK

Sz70 16.4 M4 0.51 19.4 15435-3421

GWLup LHo450-6, Sz 71 249 13.9 Ml.5 0.35 90.3 AJK

HM Lup LHo450-8, Th 4, 599 15.3 M4 0.25 115.3 15446-3519 AJK

Sz 72
Th5 Sz73 600 16.2 K7-MO 0.55 97.2 AJK

HN Lup LHo450-7, Th 6, 601 14.6 M1.5 1.91 49.6 15448-3506 AJK

Sz74
GQ Lup CoD _35° 10525, 250 12.7 K7 2.02 38.6 15459-3529 AJK

Sz75
Sz76 15.1 MI 0.30 10.3

Sz77 603 12.5 MO 1.05 12.4 15485-3547 AJK

ThlO Sz81 604 14.5 M5.5 0.35 35.8 AJK

Th12 Sz82 605 12.2 MO 1.62 8.1 15528-3747 AJK

RU Lup Th13, Sz83 251 11.8 K7 3.72 216.4 15534-3740 AJK

Sz84 16.0 M5.5 0.12 43.7 AJK

HO Lup Th18, Sz88, 612 13.6 MI 0.52 219.8 AJK

He 1140
Th21 Sz90 613 15.4 K7 0.40 28.5 AJK

Th20 Sz91 614 15.7 MO 0.12 95.9 AJK

Sz94 15.9 M4 0.08 7.3

Sz95 15.8 MO.5 0.13 10.2

Sz96 615 13.7 M1.5 0.33 11.0 AJK

Th24 Sz97 15.7 M3 0.13 58.2

HK Lup Sz98 616 12.4 K7-MO 0.98 29.1 AJK

Th25 Sz99 17.1 M1.5 0.06 49.8

Th26 Szl00 17.0 M1.5 0.14 21.4

Th27 Sz101 15.5 M4 0.22 26.0

Th28 Sz102 617 16.3 K? 0.01 377.4 AJK

Th29 Sz103 618 16.1 M4 0.08 33.1 AJK

Th30 Sz104 M5.5 0.07 13.3

Th31 Sz105 15.0 MI 0.83 63.9

Szl06 18.1 K7-MO 0.05 81.7

Sz107 M5.5 0.09 16.1

SzlO8 620 13.2 MO.5 0.55 0.5 AJK

Szl09 M5.5 0.08 21.7

Th32 Sz110 621 15.4 MI 0.18 60.1 AJK

Th33 Sz 111,He 1145 622 14.5 MO.5 0.14 145.2 AJK

Sz112 17.0 M3 0.14 46.7

Th34 Sz113 18.7 M1.5 0.03 160.1

Th35 Sz114 623 15.5 M4 0.27 33.0

Sz115 16.2 M3 0.09 7.1

Th36 Sz116 625 14.8 MI 0.25 3.9 AJK

Th37 Sz117 626 14.3 M2 0.17 20.5 AJK

Sz118 18.3 K6 0.24 28.3

Th38 Sz119 627 15.4 M5 0.28 4.5 AJK

Th40 Sz121 14.9 M2 0.22 6.5

Th41 Sz 122 628 14.5 M3 0.13 4.8 AJK

Th42 Sz123 629 15.4 M2 0.14 250.6 AJK

Th43 Sz124 631 13.1 MO 0.32 1.6 AJK

Sz126 606 K-M 0.34 AJK

Sz127 M4 0.37 75.6

Szl28 607 14.5 MI 0.19 9.9 AJK

He 1125 Sz129 609 13.6 K7-MO 0.55 22.3 AJK

Szl30 610 14.7 M1.5 0.21 52.9 AJK

Sz131 M1.5 0.11 31.9

Szl33 K2 0.21 20.0

He 1146 Sz134 624 14.6 M4 0.17 90.5 AJK

RYLup 252 11.1 K4 15561-4013 AJK

EXLup 253 13.7 MO.5 43.3 15597-4010 AJK

,
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Figure 3: Histogram of the distribution of the T Tauri stars in Lupus by spectral type.
(From Krautter and Kelemen, 1987).

nation might be that the star formation process in Lupus is controlled by magnetic forces.
According to Shu, Adams, andLizano (1987), the IMF depends on the relative magnitude
of gravitational and magnetic forces in a molecular cloud. In the subcritical regime, if
the magnetic forces exceed the gravitational forces, preferentially low mass stars should be
formed, as found iu Lupus.

Additional strong evidence that the star formation in Lupus is controlled by magnetic
forces is provided by polarization measurcments in the Lupus 1 region (Strom et al., 1988).
Figure 5 shows the observed polarization vectors for stars in the Lupus 1 cloud superposed
on an R-band photograph of this region (from Strom et al., 1988). The e-veetors (which
define the magnetic field direetion) He perpendicular to the long axis of the cloud and show
relatively small dispersion in position angle. Strom et al. conclude that the Lupus 1 cloud has
probably been constrained to collapse along thc magnetic field lines, and that the magnetic
field has played a major role in controlling the properties of the protostellar cores.
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In. Individual objects

RU Lup and HH55

RU Lup is one of the brightest T Tauri stars known (Vmean ~ 11.0 mag). It was included
in Joy's (1945) pioneering paper which defined the characteristics of T Tauri stars. RU Lup
belongs to the extreme members of the T Tauri class; it exhibits in the visual spectral
range strong emission lines superimposed on a nearly featureless continuum. Due to the
strong veiling of the photospheric absorption speetrum it has been difficult to classify the
photospheric speetral type of RU Lup. In an attempt to model the continuous energy
distribution of RU Lup, Gahm et al. (1974) derived Te!! = 4400 K implying a mid-K
classification. This is consistent with Schwarz and Heuermann's (1981) classification of KO
K5 on the basis of high resolution spectra and with the K7 classification by Appenzeller et
al. (1983). Indications for a pseudoperiod of about 3.7 days have been found by Plagemann
(1969), Drissen et al. (1989), and Hutchinson et al. (1989), who find that the variability of
RU Lup may be described by a simple spot model.

Analysis of high dispersion spectra (Schwartz and Heuermann, 1981; Lago 1982) showed
that the Balmer lines sometimes exhibit P Cygni profiles indicating a stellar wind with v "'"
200kms-1 . Lago (1984) developed a magnetically driven wind model which satisfaetorily
explains the optical observations. Jankovics et a.l. (1983) found that the forbidden lines of
[SIll and [01] are blueshifted. This can be interpreted according to Appenzeller (1983) in
terms of the presence of flattened or disk-like opaque structures around RU Lup. Evidence
for circumstellar matter is also given by the strong IR excess of RU Lup (e.g. Gahm et al.,
1975; Appenzeller et al. 1983).

UVobservations (Gahm et al. 1979) have shown that the chromospheric and transition
region around RU Lup at T "'" 105 K is about 104 times stronger than the corresponding
solar region. However, as the absence of coronal lines demonstrates (Gahm et al. , 1981,
Gahm and Krautter, 1982) there is virtually no corona of corresponding strength around
RU Lup. From simultaneous multiwavelength observations from X-ray to UV, Giovanelli et
al. (1988) c~nclude that the strong variability in the UV and optical spectral range is due
to a strong aetivity in the chromosphere and due to large scale flare-phenomena.

RU Lup is located in the Lupus 2 dark cloud elose (d "'" 3') to HII 55. The region around
RU Lup and HH55 is shown in Figure 6 (from Krautter et al., 1984). Krautter et al. found
indication of a faint continuum in the spectrum of HH 55. They considered RU Lup very
likely to be the energy source of the 1IH object, particularly since the IR survey by Reipurth
and Wamsteker (1983) did not uncover any other plausible candidate. On the other hand,
Cohen et al. (1986) report on photospheric absorption features of spectral type M3.5 which
excludes RU Lup, that has no recognizable photospheric features, as the exciting star of
HH 55. Heyer and Graham (1990) made a detailed study of 1111 55, and condusively showed
that the HH object coincides wit~ a rclatively unobscurcd M-dwarf star, also dctected in
IRAS coadded images. A careful search for other nebular emission by Krallt ter et al. (1984)
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Figure 6: Region around RU Lup and HH 55 in the Lupus 2 cloud, On the north side of
RU Lup is a faint iuminous ridge (A), probably arefleetion nebula, (From Krautter et al.,
1984). B is an unrelated objeet.

revealed a faint luminous ridge north of RU Lup, probably arefleetion nebula (feature'A'
in Figure 6).

GQ Lup

Appenzeller et al. (1978) reeognized that GQ Lup (= CoD -35°10525) is one of the bright
est members of the YY Ori subclass of the T Tauri stars, showing inverse P Cygni profiles
of eertain emission lines. Like other stars of this group, GQ Lup exhibits a strong UV
exeess. GQ Lup eombines a moderate-emission line spectrum with a eonspieuous photo
spherie absorption speetrum of spectral type K7 whieh is only weakly veiled. On the basis
of high-resolution spectroseopy, Bertout et al. (1982) found variations of the emission line
profiles from one night to the next, whieh are eorrelated with strong photometrie ehanges in
the UV part of the speetrum. Appenzeller and Wagner (1989) report that the line profiles
in GQ Lup differ in part signifieantly from those found in the spectra of strong-emission line
T Tauri stars. Aeeording to Appenzeller and Wagner, the observed differenees are due to
a lower optieal thiekness of the less massive gaseous envelopes of the lower-emission T Tauri
stars. GQ Lup is one of the two YY Ori stars (the seeond example is EX Lup, Mundt 1984)
wltieh do not show blueshifted absorption eomponents too (Appenzeller and Wagner, 1989).
Like in RU Lup, Jankovies et al. (1983) found blueshifted forbidden emission lines. UV
spcetra, taken by Appenzeller et al. (1980) with TUE, show emission lines superimposed on
a wcak eontinuum.
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HR5999

The unusual properties of the bright star HR5999 (= HD 144668) were diseovered by Bessell
and Eggen (1972). HR5999 is of speetral type A7 lU-IV with hydrogen lines in emission
and with a large rotational velocity vsini = 180 km S-I. Due to these properties, because
of its loeation in an obseured region with many T Tauri stars, and beeause of its position
in the HR diagram above the zero-age main sequenee, HR 5999 is thought to belong to the
group of Herbig Ae/Be stars, which are PMS stars of intermediate mass (e.g. Tjin A Djie
et al., 1989 and referenees therein). HR5999 and HR6000, whieh are the two bright stars
in the eentral part of the Lupus 3 dark cloud shown in Figure 2, form a eommon proper
motion visual binary (Dunlop-199). HR 5999 is the more southern star of the two. Note
that both stars have been eonfused in Bessell and Eggen (1972) and in several other earlier
papers. The suggestion by Andersen and Nordström (1978) that HR5999 could be a long
period binary with mass exchange was not eonfirmed by speckle interferometry (Baier et al.,
1985).

Sinee eolour and brightness variations are eorrelated, the photometrie variability has been
interpreted in terms of variable obseuration by cireumstellar dust (Bessell and Eggen, 1972;
The and Tjin A Djie, 1978; The et al., 1978, 1981). Several studies found a variable ratio
R of total to seleetive absorption ranging from 3 to more than 6 (e.g. Tjin A Djie and The,
1978; The et al., 1985). Baade and Stahl (1989) report a high R '" 5 too, but they eould not
find any variability. The high value of R indieates that the eomposition of the cireumstellar
dust differs from the interstellar one (e.g. Andersen et al., 1982). Strong evidenee for the
presenee of dust is also inferred by an IR exeess found by e.g. Smyth et al. (1979) or by The
et al. (1981), who also studied the overall flux distribution from 0.12 to 4.7 pm. The UV
speetrum, that shows shelllines and many emission lines (e.g. The et al., 1985; Brown et
al., 1986), is interpreted as due to ehromospherie aetivity. It should be noted that no X-ray
flux was deteeted by EXOSAT (The et al., 1985).

Baade and Stahl (1989) detected a modulation of the V-lighteurve with aperiod of 48.68
days and an amplitude of 0.25 mag whieh is superimposed on a random variability of about
1 mag. They interpret this behaviour in terms of dust assoeiated with an orbiting more
solid body. On the basis of high-resolution speetroseopy Baade and Stahl found indieations
for intrinsie variations due to nonradial oseillations.

Th28

The assoeiation of abipolar HH jet system with the emission-line object Th 28 has been
discovered by Krautter (1986). Figure 7 shows a direet CCD-image of the Th 28 system
taken through a narrow band Ha interference filter (from Krautter, 1986). Two oppositely
direeted jet-like struetures (length 0.008 and 0.009 pe at a distanee of 140 pe) are emanating
(v ~ 320 km S-I) from a eentral star-like source, and two HH objeets (Th 28-HHE and Th 28
HHW) are loeated on both sides exaetly on the axis defined by the bipolar jets at distanees
of 0.020 and 0.024 pe, respeetively. The electron density deereases by about two orders of
magnitude along the jet axis. Graham and Heyer (1988) found a third HH object 87" SE
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CoD -330 10685 and suggest that energetic stellar winds are not necessarily associated with
very aetive chromospheres. Reipurth and Zinnecker (1992) found a faint companion to
CoD -330 10685.

Several stars in Lupus (Sz65, CoD -330 10685, Sz77, Th 12, Sz98) are included in an ex
tensive study by Finkenzeller and Basri (1987) on the atmospheres of low- and intermediate
active T Tauri stars. Physical parameters (mass, radius surface gravity) of the investigated
stars were determined. Finkenzeller and Basri's main conclusion is that the important fea
tures in T Tauri stars are clearly chromospheric. Th 12, a low-aetivity T Tauri star, is the
only PMS star in Lupus of which soft X-rays have been deteeted yet (Gahm 1980). How
ever, only very few X-ray observations have been carried out so far in the Lupus star forming
region.

IV. Radio observations

12CO observations covering 170 square degrees toward the Lupus dark cloud area were carried
out by Murphy et al. (1986). Figure 9 shows their map of integrated 12CO intensity
JA = JTA dv. The position of all Ha emission line stars of Schwartz's (1977) list are marked.
The total CO emission has a large angular extent of about 230 along one axis. The maxima
of the CO emission can be clearly identified with optically visible narrow filament like dust
lanes. Several of these struetures are included in the Catalog oE Dark Globular Filaments by
Schneider and Elmegreen (1979), who suggest that the dust lanes might eventually collapse
into Bok globules. Two separate regions above and below b $ 120 can be distinguished.
Since the kinetic gas temperatures and the FWHM of the velocity distribution are similar
throughout Lupus, Murphy et al. conclude that the gas in the two separate areas is physically
related and at the same distance. For the total mass of the cloud they derived from the
empirical relationship between integrated CO brightness temperature and H2 column density
a 'CO mass' of Moa'" 1.5 104 M0 . On the other hand, for the viral mass they derived
MVir '" 4.5 104 M0 • The mean of both estimates gives a total mass Mtot '" 3 104 M0 • This
is about of the same size as the mass of the Taurus-Auriga cloud which was estimated by
Ungerechts and Thaddeus (1987) to be '" 3.5 104 M0 . In a formaldehyde survey in southern
dark clouds Sandqvist and Lindroos (1976) detected this molecule in all nine clouds in Lupus
investigated by them.

There is also a strong correlation between the projeeted positions of the T Tauri stars
and the CO emission. The T Tauri stars therefore form compact centers of star formation
in an extended group of physically related dark clouds. Murphy et al. suggest that the
other CO maxima might be likely places of recent star formation as weIl, which might be
in several cases in the mode of embedded sources. It should be noted, however, that up to
now no embedded near IR sources, as for instance found in Chamaeleon (e.g. Schwartz, this
volume) have been reported in the Lupus dark cloud region.
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V. Distance to the Lupus star forming region

Published distanee estimates to the Lupus cloud are in most eases based on distanee estimates
of individual stars. Several estimates are based on the binary stars HR5999/HR6000. With
the assumption that both stars are members of the Loeal Association (Pleiades Group),
Bessell and Eggen (1972) derived a distanee of 300 pe. Eleven years later, Eggen (1983)
derived with the same basic assumption, but in a more extensive study, a kinematic distanee
of 170 pe. The and Tjin A Djie (1978) determined from Walraven photometry a colour
index of HR6000 whieh eorresponds to a B6 star. Under the assumption, that HR6000
is a main sequenee star, they find a distanee 270 pe. However, HR 6000 is a peeuliar B
type objeet with weak helium and strong PlI (Eggen 1983) whieh affeets the eolour index.
Using high resolution speetroseopy, Andersen and Jasehek (1984) determined a spectral type
AOVp:. This implies that HR6000, being intrinsieally fainter than assumed by The and
Tjin A Djie, is at a smaller distanee.

Appenzeller et al. (1978) used the bright star HD 140748 that apparently illuminates
matter belonging to Barnard 228, indieating a physieal association. Sinee several eonflieting
speetral types are published in the literature (B6V, B7V, B9V), they obtained with a mean
speetral type an approximate distanee "'" 125 pe. Schneider and Elmegreen (1979) obtained
for the bright stars HD 143749, HD 193947, HD 144667/HD 144668, and HD 149447, ofwhieh
they assurne an association with the filaments in Lupus also on the basis of reflection nebu
losity, distanees of 160 pe, 220 pe, 150 pe, and 60 pe, respeetively.

Murphy et al. (1986) found that the Lupus dark cloud eomplex is projected onto a
gap between two subgroups of the Seorpius-Centaurus OB assoeiation. They diseuss two
possibilities, namely that the Lupus dark clouds are related to the Seo-Cen OB assoeiation
or that the Lupus dark clouds are in front of the OB assoeiation, eausing an apparent gap
in the assoeiation. In the latter ease, they derive a distanee of 130 pe, in the former ease
the Lupus clouds would be at 170 pe, the mean distanee of the Seo-Cen assoeiation.

Franeo (1990) used eolour exeess distribution from uvbyß photometry of stars towards
the lower parts of the Lupus clouds to derive a distanee of R:: 165 ± 15 pe.

Considering all these different distanee estimates, it seems rather safe to eonclucfe that
the distanee to the Lupus dark cloud is between the limits 130 pe and 170 pe. However,
within these limits, no clear decision ean be made yet. For the time being, a mean distanee
of"'" 150 pe seems the best ehoiee. In any ease, Lupus belongs among the most nearby star
forming regions.

VI. Conclusions

The star forming region in Lupus is in several respeets similar to those in Taurus-Auriga
and in Chamaeleon (Sehwartz, this volume). Only low-mass star formation is going on in
all three star forming regions, no massive young OB stars have been found. All three clouds
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contain major T associations with 70 or more members, and the mass of the molecular cloud
material is about the same for at least Lupus and Taurus-Auriga (no mass determination
has been published for Chamaeleon). Since the distances to the three clouds are roughly
the same, comparative studies between them will not be affeeted by seleetion effects due to
different distances. Moreover, all three belong to the nearest star forming regions known
which 'makes them especially well suited for observational studies.

On the other hand, several of the properties of the Lupus star forming region differ
significantly from those of the other clouds. The T Tauri stars in Lupus have an outstanding
mass speetrum, since the relative amount of stars with M ~ 0.5 M0 is much higher than in
any other comparable cloud. This indicates that the star formation in Lupus is controlled by
magnetic forces. Contrary to other clouds, only very few embedded IR sources have been
found yet in Lupus. As compared with e.g. the Taurus-Auriga cloud, the general level of
PMS activity in Lupus seems to be lower. There are only few HH objects and jet sources,
no molecular outflow has been reported yet, and there are certainly less T Tauri stars with
strong forbidden lines which is believed to be an indicator of activity. This might lead to
the conclusion that the star forming region in Lupus is relatively old.

In this paper the observational results on the Lupus star forming region have been re
viewed. However, as compared with weIl studied regions at more northern declinations, far
less observational studies have been carried out so far in Lupus. Future observations might
reveal several of the above addressed 'missing' PMS phenomena; in any case, Lupus is a very
attractive star forming region for future observations.
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Abstract

We review the low mass star formation aetivity in the Sa 187 cloud in Norma. The cloud
eontains the Herbig-Haro objeets HH 56 and HH 57. We discuss in partieular the FU Orionis
star which reeently appeared next to HH 57. HH 56 shows a clear bow shoek shape on deep
CCD images, and appears to originate from a young star embedded in the little nebula Rc13.
Both stellar energy sources drive major moleeular outflows.

1. The Norma Cloud Sa 187

The southern eonstellation Norma contains a number of small dark clouds. One of these,
Sa 187, is loeated around Cl' ~ 16h30 h ~ -450 (Sandqvist 1977). It has attraeted eonsi
derable interest since Sehwartz (1977) diseovered two IIerbig-Haro objeets there, IIH 56 and
HH 57. The cloud eonsists of two main parts, a larger, struetured "head" to the west and a
narrow filamentary "tail" stretching to the east (see the red Sehmidt plate in Fig. 1). The
east-west extent of thc whole cloud is a little more than half a degree. There is no direet
determination of the distanec of the cloud; Cohen et al. (1984) suggestcd 200 pe, Reipurth
(1985) favored 300 pe, Graham and Frogel (1985) argued for 700 pe, and Cohen et al. (1986)
used 940 pe. Re-examining thc various arguments, a distanee of 500-700 pe seems now most
probable; for thc purpose of discussion we will in the following adopt the Graham and Frogel
distanee or 700 pe, noting with these authors the eonsiderablc uneertainty in this estimatc.

The large-seale extinetion patterns in this part of the Milky Way have been diseussed by Haug
and Bredow (1977) and in more detail by Gregorio I1etcm ct al. (1988). CO observations
wcrc made of the cloud eomplex by Alvarez et al. (1986), which suggcst a total mass of
500 (d/700)2 solar masses. '
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The eastern filament is also presently forming stars; a nebulous star is located in the middle
of the filament, while two small reflection nebulae are found in each end of the filament
(Reipurth et al. 1992a).

A few Ha emission stars in the general region of the Norma cloud have been reported by
Schwartz (1977) and Schwartz et al. (1990).

2. HH 57 and the Associated FUor

HH 57 was discovered by Schwartz (1977) in a dense region of obscuration at the western
edge of the Norma cloud complex. Red low resolution spectra of the HH object are presented
by Schwartz and Dopita (1980). A proper motion study by Schwartz et al. (1984) showed
that HH 57 has very low tangential velocity, and consequently there is a large uncertainty
on the derived position angle of the proper motion vector. Molecular hydrogen emission
was detected in HH 57 by Wilking et al. (1990).

The red CCD image in figure 2 shows HH 57 as a small knot next to a star and connected to
this with small lobes of reflected light. Another reflection nebula is located at the opposite
side of the star. Polarization measurements by Scarrott et al. (1987) confirm that the star
is the illuminating source.

V346 Nor was first detected as an infrared source by Elias (1980) and Reipurth and Wamste
ker (1983). Shortly after, Graham (1983) discovered that a visible star had appeared where
nothing had been seen before, neither on the POSS print (1964) nor on the plates taken
by Schwartz at the time of the discovery of HH 57 (Schwartz 1977). The star was clearly
brightening already in 1980, as documented by SERC Schmidt plates. Soon after it was
confirmed as an FU Ori star (Graham and Frogel 1985, Reipurth 1985). The star is a
strong IRAS source (e.g. Cohen and Schwartz 1987). Far-infrared airborne observations
are presented by Cohen et al. (1984, 1985). More recently sub-millimeter observations have
revealed large amounts of cool circumstellar dust (Weintraub et al. 1991, Reipurth et al.
1992b). The 3J.lm water ice band was detected in absorption towards V346 Nor, together
with a relatively sharp dip at 2.97J.lm likely due to ammonia ice (Graham and Chen 1991).

The spectrum of V346 Nor shows mostly a very red almost featureless continuum. In
the early 1983 low-resolution spectrum by Reipurth (1985), Ha appears to be purely- in
absorption. Since early 1984, the star has had strong but variable Ha emission with a
characteristic P Cygni profile showing a deep absorption trough extending bluewards to
-450 km sec-I (see Fig. 3). The very weak absorption spectrum was classified as type
F8IlI by Cohen et al. (1986). In the li;1st couple of years Fell lines have begun to become
prominent in emission. The CaU triplet near ,A8500 has been in emission since 1983. The
NaI D lines are in absorption and are blueshifted. [OI],A,A6300, 6363 have recently become
prominent. BIue shifted [SIll lines have also been observed with a velocity ~ -60 km sec-I.
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Table 1. Photometry oE V346 Nor

Source B V J H K L 10jlm 20jlm

JHE 79-2 12.20 10.01 8.18
RW 79-2 11.96 9.87 8.19 6.18
BR 81-1 8.78 8.45 6.57
JAG 83-3 19.49 17.23
JAF 83-3 7.45 6.19 2.12 0.10
BR 83-4 10.17 8.74 7.64 5.86
JAF 83-4 9.98 8.86 7.59 6.22
BC 83-5 9.97 8.65 7.56
JAG 83-5 16.81
BC 83-9 10.08 8.67 7.66
BC 83-9 10.12 8.73 7.70 6.34
JAG 83-10 18.61 16.68
JAF 83-10 9.99 8.68 7.61 6.25
JAG 84-1 17.0
JAG 84-3 18.48 16.61
JAG 85-1 10.01 8.73 7.79 6.74 2.4 0.0
BR 85-2 10.24 8.79 7.73 6.07
JAG 85-5 10.05 8.78 7.77 6.41
BR 86-2 10.17 8.80 7.75 6.00
BR 88-5 10.03 8.64 7.51 5.70
JAG 88-6 (16.72) 9.88 8.57 7.48 6.08 2.04
BR 89-2 10.51 8.75 7.31 5.25
AUL 90-2 18.00 16.10
AUL 90-6 18.23 16.35
AUL 90-8 17.83 16.34

JHE J. H. Elias
RW Reipurth and Wamsteker
BR B. Reipurth
JAG J. A. Graham
JAF J. A. Frogel
BC B. Carney
AUL A. U. Landolt
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Figure 2. A CCD image of HH 57 and the associated FUor V346 Nor. Only the Herbig
Hara knot is in emission, other features are refleeted light. The spike in the HH objcet is
from adefeet in the CCD detector.

4.00[-15

3.00[-15

2.00[-15

1.00[-15

6300 6400' 6500 6600 6700 6800 6900

Figure 3. A red medium-resolution spedrum of V316 Nor taken on June 2, 1988 by
Graham and Heyer (unpublishcd). Ha shows a strong P Cygni profile. ßctwcen Ha and
the [01] line at .,\6300 there are thrce Fe II emission lincs.
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The spectral energy distribution has changed little since 1983 although variations of a few
tenths of a magnitude in the visible light seem to be common. In Table 1 we have compiled
all photometry, published 01' unpublished, available to uso The J, H, K photometry is
mostly quite accurate, to within one 01' two hundredths of a magnitude, L is more uncertain.
But the main difficulty in a very detailed comparison is the different instrumental systems
employed, requiring significant transformations (Bouchet et al. 1991). Overall, one can see
that the star has brightened in the past 10 years, and additionally shows irregular variability.

Graham and Frogel (1985) suggested that the observed spectrum and energy distribution
could be matched by an F-type star surrounded by a two-component dust shell with tem
peratures of 2000K and 325K in addition to the stellar energy distribution. Note that in
the accompanying table, thc variations in the infrared are much less than in visual light. In
particular, note that at 10 and 20jlm there is no strong evidence for change at all, and we are
led to wonder whether the cool IR component could have been present at similar intensity
before the 1980 outburst.

3. The HH 56 Complex

Spectra of HH 56 werc obtained by Schwartz and Dopita (1980), showing that its velocity
is slightly redshifted to about +36 km sec-I. Wilking et al. (1990) deteeted it in molecular
hydrogen emission. On a Schmidt plate it looks perfeetly stellar. But on deep interference
filter CCD images it shows faint strueture, revealing a morphology reminiscent of a bow shock
like in HH 34 (Reipurth et al. 1986). The apparent bow shock faces to the north-east, in
the same approximate direction as the proper motion vector, as determined by Schwartz et
al. (1984). The HH object moves away from a little nebula, Re 13, which reflects light
from a star apparently embedded in the cloud (Reipurth 1981). Speetra of Re 13 show
Ha in emission (Alvarez et al. 1986, Cohen et al. 1986). No infrared source has so far
been deteeted therc, but recently the embedded star was deteeted as a weak 1300jlm source
(Reipurth et al. 1992b). Additional documentation of the association between HH 56 and
Re 13 comes from a faint new HH knot, HH 56B, further to the north-east along the line
defined by HH 56 and Re 13 (see Fig. 4). In the opposite direction and also along the weH
defined flow axis there is another HH knot, so that the HH 56 complex comprises a major
weB collimated HH flow (Reipurth et al. 1992a).

Observations in several molecular species made at the SEST at La Silla have revealed two
large molecular outnows, one centered on Re 13 and another on the FU Ori star at HH 57.
ßoth south-western lobes are blueshifted, and beautifuHy outline cavities at the edge of the
cloud and seen on CCD images. The red-shifted lobes merge, because there is a slight
difference between the angle of the axes of the two flows (Olberg et al. 1989, Reipurth et al.
1992a).
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,
Figure 4. A [SIll interference filter CCD image showing RR 57 and its associated FUor,
and part of the RH 56 complex and a small reftection nebula from its driving source, Re 13.
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Figure 5. The molecular flows around HH 56 and HH 57, shown in a 12CO contour plot.
With red (short dash) and blue (solid line) wing emission. The positions of the HH 57
infrared source at (0,0) and of Re 13 are marked by filled triangles. The open squares mark
HH 57 and HH 56, respectively. Offsets are given in arcminutes.
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Abstract

The nearby Ophiuehus eomplex extends for tens of parsees in the plane of the sky and
is eomprised of filamentary clouds of low density moleeular gas interspersed with dense
moleeular eores. What distinguishes the Ophiuchus clouds from other dark cloud eomplexes
is the large (550 MG) eentrally eondensed eore in the westernmost cloud and the assoeiated
high density of young stellar objeets. The 1 pe x 2 pe eore region is eharaeterized by high
gas eolumn densities eorresponding to visual extinetions of 50-100 mag. The relatively high
effieicney of star formation in the eore (SFE ~20%) suggests it is the formation site of a
gravitationally bound open cluster. The distribution of both high and low density moleeular
gas in thc Ophiuehus eomplcx will be reviewed with partieular emphasis on the westernmost
01' p Ophiuehi cloud. The eorresponding distribution of young stellar objeets as revealed
by infrarcd observations anu Ha surveys of the eomplex will also be presented. Combining
data froTlJ IRf\S with ground-based infrared observations has led to the identifieation of 78
clustcr mcmbers in thc p Oph cloud. The evolutionary state of these objeets inferred from
their 1-100 pm speetral cnergy Jistributions and the luminosity funetion of the cluster will
be discusseu. A major conclusion from this analysis is that the duration of star formation in
the p Oph (ore is less than 3.5 x 106 years, suggesting that stars have formed in a relatively
cffieient burst.

Most recently, attention has bcen turncd to star formation in the L1689 cloud which lies
about 1 dcgrcc cast of thc p Oph cloud. While displaying a lower density of star formation
than the p Oph cloml, thc cloud eores L1689N and 11689S host interesting examples of
uccply embedded sourees. The propcrties of a proposed protobinary system in L1689N, as
rcvcaled by interferometrie observations, will be diseussed.

I. Introduction

Lying in the Scorpius-Centaurus Oß association, the filamentary system of dark clouds in
Ophillchlls extends for tens of parsees. Their distance from the Sun has been estimated to be
about 160 pe (ßertiau 1958, Whittet 1971, Chini 1981), although a more reeent evaluation
suggests a somewhat lowcr value of 125±25 pe (de Geus, de Zeeuw, and Lub 1989). The
wcslcnUllost clouu in the complcx, 01' p Ophiuchi cloud, is compriscd of the L1681, L1686,
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and L1688 clouds and contains a large visually opaque core (Bok 1956). The core region
lies adjacent to arefleetion nebula illuminated by the B2 V star HD147889. The L1689 and
L1709 clouds form the bases of two filamentary streamers which extend to the east (L1689,
LI712, L1729) and northeast (LI709, L1740, L1744, L1755, and L1765) from the p Oph
cloud. Early speetroscopic surveys of the area revealed numerous emission-line stars (Struve
and Rudkjl/Sbing 1949, Haro 1949); the realization that these were pre-main sequence stars.....
pointed to the p Oph cloud as a region of recent star formation. This was confirmed by near
infrared surveys which unveiled a large population of embedded objects (Grasdalen, Strom,
and Strom 1973; Vrba et al. 1975).

This review will focus on star formation in the p Ophiuchi cloud but will discuss observations
of other regions of the complex. It complements and expands upon arecent overview of the
p Oph cloud by Klose (1986). In Section II, the distribution of low density molecular gas in
the Ophiuchus complex, as traced by emission from CO and its isotopes, will be discussed.
In Sec. 111, observation~ of high density molecular gas are reviewed, focussing on cold cores
revealed by arecent study of DCO+ emission. The distribution of lightly obscured emission
line stars and embedded infrared sources and their relationship to the molecular gas is the
topic of Sec. IV. Evidence for mass loss among the population of young objeets and the cloud
energetics is the subjeet of Sec. V. An analysis of star formation in the p Oph cloud which
combines the molecular-line, near-infrared, and far-infrared data of the region is presented in
Sec. VI. Finally in Sec. VII, star formation in the L1689 cloud and the proposed protobinary
system IRAS 16293-2422 are discussed.

11. The Distribution of Low Density Molecular Gas

Widespread self-absorption and the high optical depths of I2CO emission lines make I3CO the
best tracer of colurnn density in the Ophiuchus clouds (e.g., Encrenaz, Falgarone, and Lucas
1975). The distribution of I3CO(J=1-+0) emission, mapped with 2.4 arcmin resolution, is
shown in Figs. la arid Ib over a 30 square degree area which includes the p Oph cloud
and the eastern filaments (Loren 1989a). The total mass of the complex is determined to
be 3050 M0 with about half of this contained in the p Oph cloud. These maps not only
underscore the filamentary structure of the clouds, also evident in lower resolution maps of
12eo emission (de Geus, Bronfman, and Thaddeus 1990), but also demonstrate the clumpy
nature of the gas. From these data, Loren (1989a,b) identifies 89 molecular clumps which
are either kinematically or spatially distinct. The overall cloud morphology is suggestive
of the passage of a shock, however, the expeeted streaming motions of the gas are not weIl
established (e.g., Vrba 1977; Loren and Wootten 1986; Loren 1989a,bj de Geus, Bronfman,
and Thaddeus 1990, de Geus and Burton 1991).

In the core of thep Oph cloud, I3CO (as weB as I2CO) emission lines are self-absorbed.
Hence, emission from the rarer isotope CI80 best delineates the column density distribution
in the core (Lada and Wilking 1980). CI80(J=1-+0) observations with aresolution of
1.1 arcmin have revealed a 1 pcx2 pc ridge of high column density gas which forms a
centrally condensed core containing about 550 M0 (Wilking and Lada 1983). It is this
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Figure la,b: Low density molecular gas over a 30 square degree area of the Ophiuchus complex

as traced by 2.4 arcmin resoluti(;m observations of 13CO(J=1-o) emission lines (Loren 1989a). The
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locations of several early B stars in the region.
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core that distinguishes the Ophiuchus cloud from other dark clouds forming low mass stars
such as those in Taurus-Auriga. Hydrogen column densities in the core are estimated to
range from OA-1.4x 1023 cm-2 which corresponds to 25-100 mag of visual extinetion. In
Fig. 2, a previously unpublished 104 arcmin resolution map of the integrated intensity of
CISO(J =2--tl) emission lihes is shown. The distribution of high column density gas is similar
to that revealed by the CISO(J=1-+0) maps, i.e., it lies in a northwest-southeast ridge with
a very sharp column density gradient on the western edge.

A large velocity gradient (LVG) code has been used to model the observed 2 - 1 and 1 -- 0
line intensities and suggests that the CISO emission in the p Oph cloud is not in local
thermodynamic equilibrium (LTE). Moreover, the CISO emission lines are probably opticaIly
thick in the 2-1 transition throughout the high column density core. We have considered
three high column density regions which show little variation in integrated intensity over a
3' X 3' area. Because of the similaI' beam sizes used to observed the 2-1 and 1-0 transitions
(lA' vs LI') and the uniformity of the emission, no corrections have been made for the
different beam sizes. In the northwestern region of the ridge comprising the p Oph A core
where the gas temperatures are believed to be 40-45 K, we derive peak densities of
3.5 - 4.5 X 103cm-3 and C1SO column densities of '" 1 x 1016 cm-2. Due to subthermal
excitation of the CISO, the LTE approximation applied to 1-0 data yields estimates for the
column density as much as 2.5 times greater than those from the LVG models. In the cooler
central regions of the core and the northeastern periphery where gas temperatures are in
the range of 20-30 K, the LVG column densities are in bettel' agreement with those derived
assuming LTE. As in p Oph A, subthermal excitation causes LTE column densities from
1-0 data to be consistently higher than those derived from the LVG code, but by only 50%
01' less. In addition, the 1-0 lines as weIl as the 2-1 lines from these regions are likely to
be optically thick. The (2-1)/(1-0) line ratios are surprisingly low in central/southeastern
regions of the core suggesting either the 2-1 lines are self-absorbed 01' there is a large amount
of low density gas. This is the same region where 13CO( 1-0) emission lines were found to be
self-absorbed (Lada and Wilking 1980). These data are best fit by LVG models with densities
of 900-1600 cm-3 and column densities of '" 1.5 x 1016 cm-2. Similarly, in the northeastern
periphery of the ridge (about 14 arcminutes west of the p Oph A core), we derive low values
for the density (1.3-1.7 x 103 cm-3) and C180 column densities of '" 4 x 1015 cm-2.

In summary, single-temperature LVG models suggest non-LTE conditions in the p Oph core
leading to possible overestimations of the CISO column densities derived from 1-0 data
assuming LTE. AdditionaIly, because of the substantial optical depth in the 2-1 transition,
C1S O (1-0) emission lines are bettel' tracers of true columll density in p Oph. Further multi
transition observations of the cloud in several isotopes of CO are nceded to dctcrmine the
temperature and column density strueture of the cloud in more detail.

III. The Distribution of High Density Molecular Gas

Observations of density-sensitive molecules, such as SO, IhCO, Nlh, IICO+, and DCO+,
have shown that thc high density gas is closely associatcd with the high columll density
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Figure 2: A previously unpublished map of C180(J=2-1) integrated intensity in the p Oph core.
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gas. In the core of the p Oph cloud, observations of SO and IhCO (A=2mm) emission have
located two distinet concentrations of dense gas separated by about 0.6 pc and connected
by a plateau of dense material: p Oph A at the northwestern end of the CI80 ridge and
p Oph B just northeast of the ridge center (Gottlieb et al. 1978; Loren, Sandqvist and
Wootten 1983). Modeling of H2 CO emission lines at A=2 mm and 2 cm imply peak densities
of n(H2 ) = 3xl05 cm-3 in the 50 MG P Oph A core, densities greater than 106 cm-3 in the
110 MG P Oph B core, and densities of about 5xl04 cm-3 in the plateau (Loren, Sandqvist
and Wootten 1983). The P Oph B core is unique in that it displays rare 2 cm H2 CO
emission, originating in several rotating fragments (Loren et al. 1980; Martin-Pintado et
al. 1983; Wadiak et al. 1985). In addition, the p Oph B core is colder than p Oph A;
observations of NH3 suggest kinetic temperatures of 19 K at p Oph Band 45 K for p Oph A
(Zeng, Batrla, and Wilson 1984). This temperature difference is confirmed by the dearth
of temperature-sensitive deuterated molecules in p Oph A relative to p Oph B (Loren and
Wootten 1986).

The most extensive study of high density gas in the p Oph complex has been made using
multi-transition observations of the DCO+ molecule (Loren, Wootten, and Wilking 1990).
The nature of the DCO+ chemistry and excitation requires that the emitting regions be
simultaneously dense and cold. Twelve dense cores have been observed, the majority in the
p Oph clou cl but several in L1709 and L1689. They range in mass from 8-44 MG and in
density from 104.5 - 6 cm-3 • The kinetic temperature is less than 15 K in most cores but
may rcach 25 K in the core associated with p Oph A. The distribution of dense gas (cores
A-F) in the CI8 0 ridge of the p Oph core is shown in Fig. 3. Submillimeter emission from
cold dust (15±5 K) has been deteeted from a compaet region (0.5'x 1.0') which coincides
with the center of thc p Oph A core (Ward-Thompson et al. 1989; see also Schwartz, Snell,
and Schloerb 1989). The relationship of the cold DCO+ cores with submillimeter emission
and with heavily obscured IRAS sources on their periphery has led to the suggestion that
they are future sites for star formation. It is interesting to note that the masses, tempera
tures, and vclocity dispersions of these cores lie between those derived for cold cores in the
Taurus-Auriga cornplex and for giant molecular cloud cores (e.g., Table 1, Wilking 1989).
1'0 thc extent that we can compare core properties determined from different molecules, the
implication is that cores in Ophiuchus may ultimately form stars of intermediate mass.

IV. The Embedded Population

A. Emission-Line Stars and X-llay Sources

The presencc of emission lincs, notably Ha, in thc spectrum of stars in regions of star
formation is characteristic of objects in thc l' Tauri phase of pre-main-sequence evolution.
Spcctroscopic observations, and latcr objeetive prism survcys, identified about 75 emission
linc stars in the complex, wit.h the majority conccntrated in the p Oph cloud (Struve and
Rudkj0bing 1949, IIaro 1949, Dolidze and Arakelyan 1959). More recently, an HO' objective
prism survcy of the complex by Wilking, Schwartz, and Blackwell (1987) has revealed a total
of 65 cmission-line stars; a table of accurate positions and relative HO' line strengths can be
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found for these sources in their paper. Only 32 of these objects had been identified in
previous Ho: surveys, suggesting that variability may be a major factor in the detection of
such objects. Among these 65 objects, 18 have thus far been confirmed as T Tauri stars
(e.g., Rydgren, Strom, and Strom 1976, Cohen and Kuhi 1979, Rydgren 1980). The tendency
for the remaining Ho: objeets to be associated with molecular gas, x-ray emission, and/or
far-infrared emission implies many are young stellar objects in a T Tauri phase of evolution.
Recently, Bouvier and Appenzeller (1991) have made a spectroscopic and photometric survey
of optical counterpart candidates of X-ray sources in the p Oph cloud. They found 27 stars
with Ho: emission, 12 of which are new. These X-ray counterparts are mostly weak emission
T Tauri stars.

The distribution of Ho: emission-line stars relative to the p Oph, L1689, and L1709 molecular
clouds is shown in Fig. 4. The majority of objects are associated with the western half of
the p Oph cloud yet few are observed directly toward the densest gas, an effect created by
the large visual extinctions. This concentration of emission-line stars near the large centrally
condensed core may imply either a critical density for the formation of stars or a progression
of star formation through the complex from west to east. The latter would be favored by
proponents of a shock wave origin for the cloud morphology.

Highly variable soft x-ray emission is also associated with pre-main sequence stars which have
dissipated most of their circumstellar envelopes. Thought to be connected with surface flare
activity, the x-ray emission has also been found in a new class of young pre-main-sequence
objects with virtually no circumstellar dust called the weak emission T Tauri stars (Walter et
al. 1988). Einstein observations of the Ophiuchus region have revealed 50 x-ray sources with
nearly half known to be pre-main sequence stars (Montmerle et al. 1983). A fraction of these
also display variable radio continuum emission (e.g., Feigelson and Montmerle 1985, Andre,
Montmerle, and Feigelson 1987; Stine et al. 1988, Andre et al. 1991). The distribution of
x-ray sources is reminiscent of the Ho: stars as they are found primarily at the periphery of
the dense molecular gas.

B. The Embedded Population: Infrared Observations

The majority of young stellar objects (YSOs) which have formed in the p Oph cloud are
rendered invisible both by extinction from circumstellar dust and from the dark cloud itself.
The first infrared surveys of the p Oph cloud core unveiled a cluster of 2 pm sources with a
stellar density higher than expected from background sources (Grasdalen, Strom, and Strom
1973; Vrba et al. 1975). Balloon-borne far-infrared observations provided evidence that most
of the embedded objeets were low-luminosity YSOs (Fazio et al. 1976, Cudlip et al. 1984).
Subsequent near-infrared surveys expanded the range and sensitivity of previous work while
attempting to distinguish between association members and background field stars (Elias
1978, Wilking and Lada 1983). Criteria to identify association members include the absence
of 2.3 pm CO emission, a relationship with large columns of gas and dust, and the presence
of an infrared excess in the 3.4-20 pm spectral region (e.g., Elias 1978, Lada and Wilking
1984). Tanaka et al. (1990) detected the three-micron ice-band feature in a number of
embedded sources .
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Figure 7: A plot showing the positions of near-infrared sources detected at J, H, and K (solid
squares) by a infrared camera survey of a 645 square arcmin region of the p Oph core (Greene,
Young, and Meyers-Rice 1990). The completeness limit for these data was J=16.4 mag,
H=14.5 mag, and K=13.0 mag. For reference, the outline of DCO+ emission (solid contours) and
positions of 48 previously known cluster members (plus signs) from Fig. 6 are shown. The 144
sources plotted from this new survey are only a subset of the 481 sources detected at K. Some of
the previously known cluster member sources are not among the 144 sources plotted because they
were either too faint to be detected at J or in an area not observed at J (only 8% of the area covered,
at Hand K).
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V. Mass Loss and Cloud Energetics

Despite the fact that most YSOs probably undergo a phase of energetic mass loss during their
pre-main-sequence evolution, few signposts for mass loss activity have been deteeted in the
p Oph cloud. Such detections have no doubt been hindered by the high visual extinctions,
complex self-absorbed 12CO profiles and source confusion in millimeter-wave beams. Sur
prisingly few Herbig-Haro objects have been found in the p Oph clouds, the first one, HH 79,
was identified by Reipurth and Graham (1988). New deep CCD images have confirmed that
the candidate RH object WSB47 (Wilking, Schwartz and Blackwell 1987) is indeed a bona
fide Herbig-Raro object (Reipurth 1992). Surveys for molecular outflows in Ophiuchus have
been only moderately successful (Fukui et al. 1986, Walker et al. 1988, Fukui 1989). In
the p Oph cloud where source confusion is a potential problem, four sources of moderate
velocity CO have been reported. The most spectacular of these is a highly collimated outflow
observed near p Oph A with a full velocity extent, ßv = 28 km S-1 (Andre et al. 1990a).
The outflow is bipolar and orientated near the plane of the sky. The source which most
likely drives the outflow is a strong millimeter-wave continuum and weak radio continuum
source VLA 1623 which is undetected at near- to far-infrared wavelengths. Other suspected
outflows include abipolar outflow associated with GSS30 (ßv = 9 km S-I; Tamura et al.
1990), a very extended bipolar outflow observed with low angular resolution toward the cold
core p Oph B3 (ßv = 17 km S-I; Loren 1989b, Armstrong 1989), and a monopolar outflow
associated with IRAS 16244-2432 (YLWI6) detected using millimeter-wave interferometry
(ßv = 11 km S-I; Terebey, Vogel, and Myers 1989). The latter source is a 16 L0 embedded
object coincident with several H2 0 masers (Wilking and Claussen 1987).

Three outflows have been observed in the less confused cloud filaments and all are bipolar.
The best-studied outflow is associated with a cold far-infrared source in L1689N, IRAS
16293-2422 (Wooten and Loren 1987; Walker et al. 1988, Mizuno et al. 1990, Walker et
al. 1990). With a ßv = 40 km s-1, the high velocity gas is distributed in two pairs of
red and blue-shifted lobes, characteristic of outflows which lie nearly in the plane of the
sky. Like YLWI6A, this 27 L0 source is associated with a group of H20 masers, suggesting
the maser emission from these sources is collisionally pumped as the stellar wind interacts
with circumstellar material (Wilking and Claussen 1987, Wootten 1989). Outflows have also
been reported in L1689S and L1709 (Fukui 1989; Terebey, Vogel, and Myers 1989) but no
maps have been published to date. The L1689S outflow is associated with an IRAS source
16289-2450 and has a ßv = 11 km S-1 (Wootten et al. 1992). The driving sources for the
L1689 outflows will be discussed further in Sec. VII.

The heating of the dust and molecular gas in p Oph is dominated by three early spectral
type stars which lie at the western edge of the cloud: HD147889 (B2 V), Source 1 (B3-B5
V), and SR-3 (B9-AO V) (Garrison 1967, Elias 1978, Lada and Wilking 1984, Greene and
Young 1989). This is demonstrated by the similar distributions of far-infrared emitting dust
(Td=30-60 K) and warm molecular gas along the western margin of the cloud (e.g., Cudlip
et al. 1984). Yet there is strong evidence that external heating from RD147899 does not
penetrate the entire depth of the cloud (Greene and Young 1989). While the dust optical
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depth at 60 pm is well-correlated with the molecular column density (from C180 lines) ,
the dust appears to be heated to only about 10-20% of the cloud's depth. Additionally,
there is evidence that the gas and dust are not perfectly coupled (Tgas > Tdust ) in the core,
but this may be an effect caused by the presence of internal heat sources. This situation
is in contrast to the L1689 cloud where the interstellar radiation field from the Sco OB2
association is probably the dominant heating source and the dust and gas are well-coupled
in the outer cloud layers (Jarrett, Dickman, and Herbst 1989).

VI. Star Formation in the p Oph Cloud

A. The Utility 01 Speetral Energy Distributions

Clues to the evolutionary state and mass of a YSO can be deduced from its spectral energy
distribution (SED). The shape of the emergent 1-100 pm SED of a young stellar object
depends upon the distribution of circumstellar dust which, in turn, is determined by its
evolutionary state. For example, we expect a protostar which is surrounded by large amounts
of circumstellar material to have a different infrared signature than an optically visible
T Tauri star whose main infall stage has ended. Indeed broad band infrared photometry
of association members in p Oph show that their SEDs fall into well-defined classes with
systematic variations in shape (Lada and Wilking 1984; Wilking, Lada, and Young 1989).
Theoretical models have been successful in describing these variations in SED shapes and
suggest they form a quasi-continuous evolutionary sequence (e.g., Adams and Shu 1986,
Adams, Lada, and Shu 1987, Myers et al. 1987, Lada 1987). SEDs which rise steeply
into far-infrared wavelengths (Class I) are associated with heavily obscured objects and are
modeled as accreting protostars. SEDs with peaks in the near and far-infrared (Class IID)
are modeled as objects which have developed a strong wind and cleared away significant
amounts of original infalling material. SEDs with small infrared excesses (Class 11) are
associated with T Tauri stars surrounded by disks and those with no excess (Class 111) with
post T Tauri stars. As more observations become available, it may be necessary to modify
this simple evolutionary scheme to include the fact that some weak emission T Tauri stars
appear to be similar in age to classical T Tauri stars (e.g. Walter et al. 1988) and that not
all Class I objects appear to have circumstellar disks (Andre et al. 1990b).

Theoretical evolutionary tracks for pre-main-sequence objects indicate they evolve toward
the main sequence from a higher luminosity regime (e.g., Iben 1965, Stahler, Shu, and Taam
1980). Therefore, the bolometric luminosity of a YSO gives an upper limit to its ultimate
main sequence luminosity and mass. Reliable estimates for the bolometric luminosity of a
YSO which has been observed over a broad range of wavelengths can be obtained by simply
integrating its SED provided the following assumptions are valid: (1) the source's luminosity
is radiated isotropically and either (2) there is no extinctio~ toward the source, or (3) all
of .the extinction is produced by a shell of circumstellar dust which reradiates the absorbed
light in the near-to far-infrared s~ectral region. Modeling of Class I sources suggests that
assumptions (1) and (3) are well satisfied. For Class 11 objects, however, the assumption
of no extinction underestimates the true luminosity while the presence of an anisotropically
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radiating disk will lead to overestimates (see Wilking, Lada, and Young 1989 for details).
These two effeets introduce at most a faetor of two uncertainty but tend to cancel.

B. The Youth of the Ophiuchus Cluster

From the colleetion of over 50 SEDs for objects in the p Oph cloud, the duration of the Class I
phase and the age of the infrared cluster have been estimated (Wilking, Lada, and Young
1989). Since the number of Class land Class 11 objects are roughly equal, the duration of
the Class I phase is estimated to be approximately equal to the average age of the p Oph
T Tauri stars, or 4X 105 years. This translates into a mass accretion rate of 2.5 x 10-6 M0 /yr
for a 1 M0 star. The estimate for the length of the embedded state would drop by a factor of
4 if allowances were made for the luminosity evolution of Class I objects and for a population
of weak emission T Tauri stars equal in age and number to the Class 11 population. The
resulting mass accretion rate of 10-5 M0 /yr is similar to that estimated for the p Oph cloud
from protostar theory (Adams, Lada, and Shu 1987). The relative number of Class 11 to
Class 111 objects in the cloud sets an upper limit to the duration of star formation of 3.5x 106

years. This upper limit is consistent with the estimate of 1.5x106 years for both the age of
the oldest p Oph T Tauri star (SR-22) and the contraction time for the least massive main
sequence star, the B9-AO V star SR-3.

C. A Deficiency of Intermediate Mass Stars?

Combining ground-based infrared photometry with IRAS observations, bolometric luminosi
ties have been estimated for 58 association members and upper limits to Lbo1 for an additional
16 (Wilking, Lada, and Young 1989). The luminosity function, shown in Fig. 8, underscores
the low-Iuminosity nature of the infrared cluster; nearly half of the objects have luminosities
less than 1.8 L0 and 76% less than 5.6 L0 . A remarkable feature of the luminosity function
is that sources are segregated in luminosity by their SED class; 82% of the sources with
5.6 L0 < Lbo1 < 56 L0 are Class I while 67% of the lower luminosity sources are Class 11.
This segregation suggests that either low mass stars in p Oph are undergoing luminosity
evolution as they progress from the Class I to Class 11 phase or that the most recent episode
of star formation has produced predominantly intermediate mass stars. The former possibil
ity would point to a deficiency of intermediate mass stars in the cloud relative to the Initial
Luminosity Function.

D. The Search for Brown Dwarfs

The high density of low mass young stellar objects, the proximity of the cloud, and the high
visual extinction in the core makes the p Oph cloud a prime target for surveys for brown
dwarfs. In addition, brown dwarfs only a few million years in age are expected to be brighter
in the infrared than those in the field. Arecent deep Hand K survey of the core has been
performed by G. Rieke and M. Rieke (1990) using a HgCdTe infrared camera. They find
at least three brown dwarf candidates over a 200 arcmin-2 area. Given the high sensitivity
of this survey to brown dwarfs, one would conclude there is not a large population of such
objects in the cloud (see also Rieke, Ashok, and Boyle 1989).
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Figure 8: The luminosity function of 74 sources embedded in the Oph cloud (Wilking, Lada,
and Young 1989). For comparison, the luminosity function derived from the Initial Mass Function
(the ILF) is shown, normalized to the number of sources with well-determined luminosities in the
-0.25< log L <0.75 range. The YSOs in each luminosity bin are grouped according to the shapes
of their SEDs. Luminosity estimates for sources with no detectable IRAS flux are shown as upper
limits and are not included in the normalization of the ILF.

E. AStarburst in the p Oph Cloud

A high stellar density of YSOs in the large centrally-condensed core sets the p Oph cloud
apart from other star-forming dark clouds. This feature has been quantified by estimations
for the star formation efficiency (SFE): the ratio of total stellar mass to the total mass of stars
plus gas. While determinations of the SFE are subjeet to large uncertainties, conservative
estimates for the p Oph core imply a SFE > 20% (Wilking and Lada 1983; Wilking, Lada,
and Young 1989). The absence of massive stars in the cloud, which maintains the quiescent
conditions of the core gas, insures the continued conversion of gas into stars and the slow
release of gas from the cluster. These faetors will promote the emergence of a gravitationally
bound cluster from the core (Wilking and Lada 1983; Lada, Margulis, and Dearborn 1984).

In principle, an extended episode of star formation could lead to the relatively high values
observed for the SFE. However, the youth of the p Oph cluster precludes this scenario.
Instead, it appears that the high SFE is the result of an efficient burst of star-forming
aetivity which has occurred over the last few million years. It is not clear what could trigger
such a burst, although several mechanisms have been proposed, including shock compression
(Vrba 1977, Loren and Wootten 1986) and draining of angular momentum from the core by
rotation of the filaments (Uchida et al. 1990).

VII. Star Formation in L1689

A smattering of Ha stars, x-ray ~ources, and IRAS sources give testimony to recent star
formation in the L1689 cloud. Although near-infrared studies of the cloud are only beginning,
array camera images suggest that the star formation process has not been as prolific as in the
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p Oph cloud (Greene, Young, and Meyers-Rice 1990). The dense molecular cores L1689N and
L1689S mark the most aetive centers of star formation. The 50 M0 L1689S core is delineated
by DCO+ emission and contains several denser clumps (Loren, Wootten, and Wilking 1990;
Wootten et al. 1992). The only IRAS source in the core, 16289-2450, is aetually comprised
of two heavily obscured infrared sources with a projeeted separation of 120" (mostly east
west) and a combined luminosity of l"oJ 7 L0 . The easternmost of these sources lies nearest
the center of the molecular outflow alluded to in Sec. V. Several arcminutes south of these
objeets may be the most recent site of star formation in L1689S: a 10 M0 clump displaying
rare 2cm H2 CO emission containing a radio continuum source and water maser emission
(Wootten et al. 1992). In L1689N, a 15 M0 core is defined by DCO+ and NH3 emission with
the cold far-infrared source IRAS 16293-2422 lying on its westernmost edge (Wootten and
Loren 1987; Loren, Wootten, and Wilking 1990). This source has yet to be detected with
ground-based infrared telescopesj emission charaeteristic of 20-40 K dust is observed over
the 25-2700j.lm spectral region, radiating a totalluminosity of l"oJ 27 L0 (Walker et al. 1986;
Mundy, Wilking, and Myers 1986; Walker, Adams, and Lada 1990; Mezger, Sievers, and
Zylka 1991). As discussed in Sec. V, IRAS 16293-2422 lies at the centroid of a complicated
distribution of high velocity molecular gas.

Under the scrutiny of interferometric observations, IRAS 16293-2422 has displayed an in
creasing amount of complexity. Initial 6.3" x 4.5" observations with the Owens Valley Radio
Observatory (OVRO) Millimeter-Wave Interferometer of C1SO (J=I-0) emission and the
2.7mm continuum showed the IRAS source to be an elongated strueture
(1800 AU x < 800 AU) of gas and dust with a 2.4 km S-1 velocity shift along the major
axis (Mundy, Wilking, and Myers 1986j Mundy, Wootten, and Wilking 1990). The orien
tation of the strueture is roughly perpendicular to the axis of the molecular outflow and
the direetion of the local magnetic field. The gravitational influence of IRAS 16293-2422
evidently extends beyond the 1800 AU emission region as a flattened region of NH3 emission
has been observed with the VLA out to a radius of 4000 AU at the same position angle as
the inner region (Mundy, Wootten, and Wilking 1990). The 0.9 km S-1 velocity shift of the
NH3 emission implies an included mass of 1.0-1.2 M0 (Mundy et al. 1992).

VLA radio continuum observations led to the first suggestion that IRAS 16293-2422 was
a protobinary system. Observations at A = 2cm and 6cm detected two sources within
the 2.7mm emission region, separated by l"oJ 840 AU along its major axis (Wootten 1989;
Estalella et al. 1991). As shown in Fig. 9, more recent OVRO observations at 2.7mm with
4.5" x 2.5" resolution have confirmed the duplicity of the source, resolving the elongated
structure into two components coincident with the radio sources (Mundy et al. 1992). The
compact nature of the millimeter-wave emission argues that this material is confined to two
circumstellar disks, each containing about 0.5 M0 . Comparing this with the dynamical mass
of the system constrains the central objeets to be ~ 0.5 M0 and requires the luminosity of
the system to be produced primarily through accretion. The properties of the southernmost
radio/millimeter-wave source suggest it is the source of the CO outflow. It is associated with
all of the H20 maser emission, has extended emission from ionized gas at A = 3.6 to 1.3 cm
with a speetral index of 0.4, and displays an enhanced abundance of SO relative to its
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northern counterpart (see Fig. 9). It will be most interesting to see if higher resolution
molecular-line observations of IRAS 16293-2422 resolve the gas component into two sources
or if the young binary system shares some circumstellar material.

VIII. Summary and Future Work

Throughout much of the Ophiuchus complex, the distribution of gas and young stars re
sembles most other dark clouds forming low mass stars (Fig. 10). What distinguishes the
Ophiuchus complex is the large centrally condensed core in the p Oph cloud which appears
to be the formation site of a gravitationally bound open cluster. The high stellar density
of YSOs in the core has allowed us to look beyond the study of individual objects and to
investigate the more global aspects of star formation. The population of YSOs in the core
appears to have been formed by an efficient burst of star forming activity over the past few
million years. The most heavily obscured, and presumably youngest, objects have higher
luminosities than their more evolved counterparts, suggesting they may have an additional
source of energy such as accretion. An outstanding question is whether the mass function
of this infrared cluster varies significantly from the Initial Mass Function. Infrared array
cameras which can probe more deeply into the dense cloud and sample the lowest luminosity
YSOs and perhaps substellar objects may be able to address this problem with the help of
a better theoretical understanding of how YSOs evolve in luminosity as they approach the
main sequence. Another unresolved problem is the role of shocks in molding the present cloud
morphology and triggering the formation of stars. Perhaps high resolution molecular-line
observations will reveal the detailed kinematics expected from the passage of a shock.

Because of the large number of embedded sources with well-determined spectral energy dis
tributions and luminosities, the p Oph infrared cluster can serve as a standard to which
other regions of low mass star formation can be compared. Detailed studies of the embed
ded populations in adjacent clouds in the Ophiuchus complex, such as L1689, will provide
important data für comparisons with the p Oph cluster and give us insight into how the star
formation rate and mass function may vary over a given complex.

The proximity of the Ophiuchus complex and the large population üf YSOs in a wide variety
of evolutionary states makes the cloud an ideal target for high resolution infrared, millime
ter, and radio wavelength observations. Infrared observations of YSOs with milliarcsecond
to arcsecond resolution are possible using speckle interferometry, lunar occultations, and
infrared array cameras. These observations have already begun to reveal the distribution of
circumstellar dust and the presence of pre-main-sequence binary systems on size scales of
20-1000 AU (see Zinnecker (1989) for review). The dynamics and distribution of circum
stellar gas and dust on scales of tens to hundreds of AU are within the reach of observations
with the VLA, millimeter-wave interferometers, and submillimeter arrays planned for the
future. These observations will yield important constraints to theoretical models for the
early evolution of young stellar objects and ultimately lead to a better understanding of the
role of accretion, circumstellar disks, and mass outflows in this evolution.
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Figure 10: The main parts of the p Ophiuchi cloud complex is seen in this panoramic view based on a deep red Schmidt plate obtained
at the ESO Schmidt telescope. A large ghost from a bright star is seen in the upper left corner.
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Star Formation in the Corona Australis Region

J.A. Graham
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Abstract

An overview is provided of star formation in the Corona Australis region as we understand
it at present. The most aetive area is that centered on the variable star R CrA and the
Herbig-Haro objeet HH 100. This is coincident with the densest molecular eloud core in the
region. Both objeets are likely to be the centers of major material outflows. Perhaps the
most exciting breakthrough in recent years has been the recognition· here of many heavily
obscured low-mass stars making up a loose association known as "the coronet" (Taylor and
Storey 1984). Other bright stars in the area which still qualify as pre-main sequence objects
are S CrA, T CrA, VV CrA and TY CrA. Each of these is associated with an outflowing
stellar wind. All are likely elose double stars. As each star varies, there is a need to obtain
spectra at different apparent magnitude levels.

I. Introduction

The Corona Australis region has a special place in a survey of centers of star formation in
the southern hemisphere. It is elose; at a distance of approximately 130 pc (e.g. Knacke et
al. 1973, Marraco and Rydgren 1981); but it also contains many examples of young stars,
covering a range of masses; some embedded, some associated with material outflows, others
which have apparently eleared most of the dusty environment associated with their birth.
Their proximity makes it possible to observe features on a smaller linear scale than is feasible
in the study of similar regions 3 or 4 times more distant. The contrast between this area,
with its several variable stars involved in reflection nebulosity and the neighboring Milky
Way fields approximately 20° away has always been a striking one but its southern location
has delayed detailed study. In recent years, interest has intensified following the discovery
of strong concentrations of molecular material (Loren 1979), bright infrared sources and
several Herbig-Haro (HH) objects (Knacke et al. 1973; Strom, Grasdalen and Strom 1974;
Schwartz, Jones and Sirk 1984; Hartigan and Graham 1987). An exciting event has been the
recognition of several very heavily obscured low-mass stars in the area making up a small
association which has been named "the coronet" (Taylor and Storey 1984; Wilking, Taylor
and Storey 1986). One of these stars, R1 (IRS 7) has two small radio lobes which may arise
from wind shocks on a toroidal structure around it (Brown 1987).
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Figure 1. The windswept appearance of the Corona Australis cloud complex is striking in this contrast
enhanced print by C. Madsen from a deep red ESO Schrnidt plate.



associated with HH objects or outflows. R CrA resembles much more strongly an early
T Tauri star. The Fell and [SII] lines in the spectrum support a T Tauri classification. Fel
lines are weak, presumably because of high excitation temperature. Heavy veiling inhibits
observation of a photospheric absorption speetrum. The Ha line shows significant night-to
night variations (Graham and Phillips 1987). There is a weak 3.1JLm ice band (Chen and
Graham 1990).

T CrA is close to R CrA and illuminates a small radial plume which is direeted away
from R CrA. The spectral type of T CrA is approximately FO. 01 >'7773 is strong in
absorption. Ha is in emission with a sharp absorption core. The Call >'8500 triplet can be
distinguished in absorption over moderately strong Paschen lines also in absorption. The
star is unusually red for its spectral type. This could be due to interstellar or circumstellar
reddening or to the presence of a red companion. Images occasionally appear elongated
in position angle 90°. [01] and weak [SII] lines are in emission and are blue shifted by
-22 km S-1 (heliocentric), Lil >'6708 is not present. These spectroscopic data come from
a paper by Graham, Finkenzeller and Heyer (in preparation). The star has an appreciable
infrared excess out to 2JLm so that a disk and accompanying wind may be still present if the
star is in fact single. The possible multiplicity should be checked.

HH 100-IRS is not seen directly in visible light and was one of the first "protostellar" infrared
sources to be identified (Strom, Strom and Grasdalen 1974; Strom, Grasdalen and Strom
1974). The IR spectrum shows both 3.1JLm ice and 9.7JLm silicate absorption bands (Whittet
and Blades 1980; Aitken and Roach, quoted by Axon et al. 1982; Graham and Chen 1991).
The continuum flux is highly variable at all wavelengths (Axon et al. 1982; Reipurth and
Wamsteker 1983). This appears to be partly due to variable dust extinetion, but there is also
a component from achanging infrared excess. HH 100-IRS excites HH 100 and probably also
HH 96,97,99 and 101 (Schwartz, Jones and Sirk 1984, Hartigan and Graham 1987). Several
of the HH objects have been deteeted in molecular hydrogen (Brown et al. 1983, Wilking
et al. 1990). HH 100 itself is partly reflection nebulosity (itself slightly variable (Strom and
Graham, unpublished)). Scattered light from the embedded source enables a chromospheric
T Tauri-like spectrum to be studied which is almost certainly that of the embedded star
(Cohen, Dopita and Schwartz 1986). Graham, Finkenzeller and Heyer (in preparation) will
describe another short exposure spectrum which shows that the Call triplet at >'8500 is
strongly in emission and that the lines are of approximately equal intensity. HH 100-IRS
should be watched for change.

R1(IRS 7) is the most unusual of the newly discovered IR sources. The radio lobes and the
weak extended emission discovered by Brown (1987) are remarkably similar to those found
around the IRS 5 source in L 1551 (Rodriguez et al. 1986). The bolometric magnitude of
the object is modest but one cannot escape the impression that abipolar flow has formed
here or is in the process of being formed.

All of these objeets thus appear to be responsible for some wind activity in the area and rnay
together be clearing away much of the remaining dust in the cloud corc. R CrA in particular
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11. Centers of Star Formation; Present and Past

R CrA - T CrA - HH lOO-IRS - Rl(IRS 7)

These 4 objects are in the same part of the CrA eloud but are apparently the result of
separate star forming events.

R CrA varies in brightness between 10m and 14m and illuminates the refleetion nebula NGC
6729. The surface brightness of the nebula varies but this does not correlate with the
brightness of the star (Graham and Phillips 1987). The speetral type of R CrA has been
suggested as A or F but it is not well established because of the difficulty in distinguishing
photospheric absorption features from those which are formed in a shell which, in the blue
at least, dominates the spectrum (Mendoza, Jaschek, and Jaschek 1969; Greenstein and
Aller 1947). R CrA is the probable source of HH 104 (Schwartz, Jones, and Sirk 1984).
Apart from the strong Balmer line absorption in the blue, its spectrum shows in emission
Fell, Call ,.\8500 and Hel (with an inverse P Cygni profile). [01] and [SIll are present with
heliocentric velocities -25 and -45 km S-l with respeet to the star. As the star brightens
and fades, the Fell and Call lines brighten and fade along with the continuum while the
[01] and [SIl]lines stay at approximately the same level of intensity. The photometric and
spectroscopic variability is best explained by appreciable veiling of the star by thick clouds
elose to it. The forbidden lines are produced outside the obscuring region at distances of
10 - 100 AU from the star and do not vary along with the light of the star (Graham 1989;
Graham, Finkenzeller and Heyer, in preparation). A similar arrangement (with the elouds
inside 1 AU) is required to explain the rapidly changing shadow patterns which are observed
on the refleetion nebula (Graham and Phillips 1987 and references therein).

R Cra has a strong infrared excess and a bolometric luminosity of 130M0 . Examination of
available photometry shows that most of the light variation occurs at wavelengths shorter
than 5pm. At visual wavelengths there is no correlation between magnitude and B-V color
over a magnitude range of at least 2 indicating substantial neutral absorption probably by
large dust partieles. In the near infrared, 1.2 - 3.5pm, the radiation comes mostly from dust
heated dose to the star. There is a correlation between visual flux and the IR color gradient
but not with the IR flux itself. At brighter magnitudes, the near IR flux is more peaked
towards the blue. Interpreted as a dust temperature, values between 1800 and 800K with an
average elose to 1000K are suggested. Measurements at 10 and 20pm vary remarkably little
in this star. An extended source at 60pm and 100pm (Cruz-Gonzalez, McBreen, and Fazio
1984; Wilking et al. 1985) is centered on R CrA and is due to substantial amounts of warm
dust being heated by the star or its outflowing wind. R CrA is the dominant member of the
coronet eluster. Polarization measurements (Ward-Thompson et al. 1985) show evidence for
scattering material in the form of a disk around the star. Molecular hydrogen emission was
deteeted by Wilking et al. (1990) around R CrA.

Although R CrA is often referred to as a Herbig Ae star, it is atypical in several respects
(Catala 1989). Catala points out that Herbig Ae and Be stars are in the radiative phase,
with radiative envelopes. As a dass, the [01] blueshift is weak or absent and they are rarely
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Figure 2: Star Forming Regions in Corona Australis. The photograph was taken through
a red filter with the Ccrro Tololo 4-meter teleseope, The size of the eireular field is 50 are
mlll.
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promises to provide important data about the distribution of circumstellar matter within a
few AU of a young, aetive star.

S CrA

We list this star separately as it is distant from the group discussed in the previous section
and it has unique features of its own. S CrA is one of the best spectroscopically studied
T Tauri stars. Apart from early work by Joy(1945), and Rydgren(1977), most of the work
has been done by the Heidelberg group (Appenzeller and Wolf 1977; Wolf, Appenzeller and
Bertout 1977; Bertout et al. 1982; Appenzeller, Jankovics and Krautter 1983; Appenzeller,
Jankovics and Östreicher 1984; Appenzeller, Jankovics and Jetter 1986). Imaging reveals
associated HH objects and a faint refleetion nebula (Strom et al. 1986, Reipurth and Graham
1988). The star is a elose visual double with separation 1':4, p.a. 147°, ~m = 1m which was
discovered by Joy and van Biesbrock (1944) and more recently remeasured by Baier et al.
(1985).

The speetrum of S CrA, described in most detail by Appenzeller, Jankovics and Jetter (1986),
shows strong Fel, Fell, Call and Hel emission lines along with [01], [SII] and Balmer and
Paschen hydrogen lines. It is one of the best examples of the YY Orionis subtype in which
some emission lines have distinet red-displaced absorption features (Appenzeller and Wolf,
1977; Rydgren, 1977). Absorption lines are in general very weak and there is apparently
strong veiling in the speetrum. Emission lines are seen through into the ultraviolet (there
is no dominating shell speetrum as we see in R CrA). Fel emission is stronger in the 5000A.
region than in R CrA. As in R CrA, significant night-to-night variations occur in the line
profiles, most conspicuously in the Balmer lines (Bertout et al. 1982). The spectral type of
the companion star is still unknown. If it is a very red star, it may contaminate the observed
photometry and spectra of S CrA in a minor way in the red and infrared.

Velocities have now been measured for the two HH objects HH 82a,b which are located
approximately 45" and 90" E of the star (Graham, Finkenzeller and Heyer, in preparation).
Based on observed Ha and [SII] wavelengths, heliocentric velocities of -50 an~ -34 km S-1 are
found. In S CrA itself, the data published by Appenzeller, Jankovics and Ostreicher(1984)
and by Bertout et al. (1982) show that higher negative velocities are measured from the
forbidden lines (-11l km s-l) while 12 permitted emission lines in the speetrum give 
2 km S-I. There are thus strong grounds for believing in a moderate mass outflow from
around this star despite the evidence shown for infall by the red-displaced absorption features
and we await with interest high resolution molecular maps of the region.

VV CrA

This star is even more isolated from the main center of star formation but it is still weH
within the molecular eloud and is a very aetive star. Unlike other young stellar objeets
discussed here, it does not illuminate a reflection nebula and it is not associated with HH
objeets. The spectrum shows very strong Fel and Fell lines in emission with large blue
displacements in the forbidden lines whichindicate again the presence of strong outflowing
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winds. Balmer and Paschen lines are strong in emission. It is generally believed, largely
because of the red color, that the star has late spectral type. Appenzeller et al. (1986)
discussed a high resolution spectrum of this star along with their more extensive S CrA
data. They proposed that the spectra of the two stars could be explained by the same basic
physical model and that the prime difference is one of inclination. Graham, Finkenzeller
and Heyer have a low resolution spectrum which covers the range 'x5600 - 8900A. Like the
Appenzeller et al. spectrum it shows in emission many Fell lines, as weIl as those of Hel ,X,x
5876, 6678, 7065, Nal ,X,x 5890, 5896 and the Cal ,X8500 triplet. Also seen near ,X8500 are
members of the Fel(60) multiplet. The Fel lines are much stronger in VV CrA than in R CrA
or S CrA. Forbidden lines of [01], [SII] and [FeIlj can be identified. There is a moderately
strong 3.1JLm ice feature (Chen and Graham 1990). .

Infrared photometry (e.g. Glass and Penston 1975) points to a strong IR excess for this star.
However, a major complication to the interpretation comes from the discovery by Frogel
(private communication) that the IR peak is 2" to the NE of VV CrA and is definitely not
coincident with VV CrA as observed visually. Subsequent examination of lightly exposed
Las Campanas plates confirms Frogel's discovery. CCD images through various filters show
that the companion is a very red objeet (Reipurth and Zinnecker 1992). The companion star
dominates the observed flux between 1 and 4JLm. Examination of all available IR photometry
indicates that both stars are variable. IRAS fluxes are high showing the presence of abundant
warm dust associated with one or both stars. More photometry and speetroscopy covering
both the visual and the infrared are required to clarify the situation with VV CrA.

TYCrA

This is the brightest of the CrA variables, and it is important to include it as anexample of a
star which has almost arrived at the main sequence. It is a good example of a Herbig Be star
with speetral type B9 but only very weak emission (Finkenzeller and Mundt 1984). Listed
in the CoD as -370 13024 it form§ a visual pair with CoD -370 13023. Both stars illuminate
the reflection nebula NGC 6726/7. TY CrA has been found by Kardopolov, Sahanionok and
Filip'ev (1981) and more recently by I. Heyer (unpublished, communicated by G. Herbig) to
be an eelipsing variable with period 2.89 days. With reasonable parameters this corresponds
to aseparation of about 0.05 AU. Cardelli and Wallerstein (1989) have observed interstellar
molecular lines in the direction of the star and find further evidence of a large grain size
in the eloud. Whittet et al. (1983) detected strong 3.3JLm emission towards TY CrA. This
emission is spatially extended (Chen and Graham 1990). The neighboring star CoD -370

13023 has a elose visual companion discovered by Hubble (quoted by Herbig and Bell 1988).

TY CrA is the least aetive of the stars discussed here. It is coincident with a strong 100j.tm
source (Cruz-Gonzalez, McBreen and Fazio 1984) but compared to other similar sources,
there is an absence of radiation at shorter wavelengths. There is a weak outflowing wind
(Finkenzeller and Mundt 1984). Evidently most of the dust within a few AU of the star has
been eleared away by winds or by the companion star leaving only the more distant cooler
dust with the temperature of about 30 - 500

•
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111. Material Outflows

Outflowing stellar winds are characteristic of all young stars. The winds are stronger by
many orders of magnitude than those presently around the Sun. They are associated with
much more massive, slower moving flows of cold molecular material which can be detected
by the observation at mm-wavelengths of CO radiation. From the previous discussion, it is
clear that there are many likeiy sources in the area for driving such material outflows and it
is not surprising that, with the limited spatial resolution available until recently, the picture
has been a rather confused one.

As part of an extended survey of 71 young stellar objects, Levreau1t(1988) has provided the
best mapping up to the present of CO flows in CrA. High velocity wings were first noticed in
Loren's(1979) work but no detailed survey was made. Levreault coneluded that his new map
could be best understood as the superposition of two bipolar outflows, one with symmetry
axis EW, probably centered on R CrA and the other in position angle 30° centered on
HH 100-IRS. These source identifications are not completely certain because of the limited
resolution of the survey. For example, Rl (IRS 7) could be an important contributor. The
optical data point to these two pre-main sequence stars as being among the youngest and
most luminous in the region. S CrA and VV CrA are less luminous but are still likely to
be responsible for more modest outflows. S CrA has apparently carved a small cavity out of
the surrounding eloud material. Its boundary can be seen as it scatters light from the star.
On its eastern side, the cavity is broken and it is here that we see the two HH objects which
indicate the direction of a probable bipolar outflow. Note that it is approximately parallel
to the suggested outflow from R CrA.

IV. Concluding Remarks

The CrA region is one of the most attractive for more detailed and extended study of low
mass star formation. We view elose by several discrete star forming events which are at
different evolutionary stages ranging from HH 100 -IRS, which is still deeply embedded
within the cloud core, to TY CrA which has eleared away most of the dust in its immediate
surroundings and is now almost on the main sequence. All the stars we have discussed are
still highly variable. All carry signatures of stellar youth. It is notable that of the 5 stars
discussed here that we can view directly, all but one show evidence for multiplicity. Even the
exception, R CrA, is a member of the coronet cluster and has an infrared source 15" away.
ls this a general characteristic or does the CrA cloud produce an unusually large fraction of
multiple stars? Stellar duplicity, even on the 100 AU scale (and it is unlikely that the stellar
orbits are circular), must have an important effect on the evolution of disk-like structures
which are currently thought to form almost routinely about recently condensed stars. As
Wilking, Taylor and Storey(1986) point out, star formation in this part of the CrA cloud
does seem to be unusually efficient, at least in the dense core near R CrA and HH 100-IRS.

The sources of the variability of the CrA stars must be many, including such factors as
occultation by nearby clouds, star spots, stellar flares, and accretion from the surrounding
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interstellar medium. Surprisingly, few spectra have been taken which cover the major fraction
of the known light range. With the little data available, it is already clear that the line
emission source regions are very stratified and extend out from the star through many AU.
Sorting these out will lead to a better picture of the young central star itself, its evolutionary
state and of the way that it is interacting with its surroundings where planetary systems
may be in the process of formation.
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The Serpens Molecular Cloud

C. Eiroa

Observatorio Astronomico-IGN
cl Alfonso XII, 3

28014 Madrid, Spain

1. Introduction

The work of Strom et al. (1974) was the first of a long series of studies related to the Serpens
molecular cloud. Since then many optical, infrared and radio observations have been devoted
to studying the characteristics of this aetive star-forming region. Attention has mainly been
drawn to the so-called Serpens core, due to the large number of phenomena concerning star
formation and related topics taking place there. In this contribution, I summarize the most
relevant observational aspeets of Serpens we know about at present. In seetion 2 some large
scale charaeteristics are described. Section 3 is dedicated to the cloud core, presenting the
optical, IR, and radio data separately. Seetion 4 briefly addresses some individual interesting
sources and the core as a whole. Finally, in Seetion 5 some future work is suggested.

2. The large-scale molecular cloud

The region known as the Serpens molecular cloud is seen on optical photographs as a large
obscured area of about 1° x 2° in size, located to the north of the young variable star VV Ser
(Figure 1). Several reflection nebulae are seen in the region, the most prominent of which are
S68 (=DG152), DG 153 (Sharpless, 1959; Dorschner and Gürtler, 1963) and a bright bipolar
nebula normally referred to as the Serpens bipolar reflection nebula (hereafter SRN).

There are only few works devoted to the analysis of the large-scale properties of the cloud.
The two most extensive optical studies have been done by Cohen and Kuhi (1979) and
Chavarria et al. (1988, see also references therein), in which several young stars are identified.
Cohen and Kuhi provided information about 9 stars showing Ha emission, including SRN.
Chavarrfa et al. studied VV Ser and another 12 stars associated with reflection nebulae by
means of Strömgren and IR photometry and optical spectroscopy; they also proposed 13
new candidate Ha emission line stars. In all cases, the stars are intermediate B or A or
later spectral type stars. Table 1 gives a summary of the optical stars studied by Cohen and
Kuhi (1979) and Chavarria et al. (1988). More recently, Reipurth and Eiroa (1991) have
identified a new Ha emission line star and, in addition, they found four Herbig-Haro nebulae,
RR 106-RH 109, which are the first, unambiguously identified RH objects in Serpens.

Zhang et al. (1988b) have presented IRAS maps of a 3° x 3° region centered on the Serpens
core. The cloud core, rnarginally resolved at 60 and 100 J-lrn, and various point sources
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are detected. Several of these IRAS point sourees are identified with or are elose to PMS
stars and refleetion nebulae: e.g. IRAS 18282+0006 (VV Ser), IRAS 18263+0027 (Ser G3
G6), IRAS 18278+0111 (S68). IRAS 18273+0059, identified with several red stars and a
refleetion nebula, is the most luminous point souree in the eloud, 540L0 (Zhang et al. assurne
a distance of 700 pe, but see below). Large-seale extended emission is seen in all four IRAS
bands. The 60/100 J-lm eolour temperature varies between ::::::: 20 to 30 K, the total emission
of the extended strueture is ::::::: 3200 L0 and the total mass inferred from the IR data is
::::::: 300 M0 . Relying on the analysis of the energeties and temperature distribution, Zhang
et al. eonelude that both stellar and interstellar radiation fields eontribute to the heating of
the extended emission.

The 2.6 mm line of CO over an area of around 300 square are minutes has been mapped by
Loren et al. (1979). Two broad maxima of TA are found: one eoineiding with the eore and
the other one loeated to the north of the refleetion nebula S68. CO is self-reversed in many
positions of the eloud. Kinetie temperatures are around 20 K, reaehing a maximum of 27 K
approximately at the position of the near-IR souree SVS4.

Palla and Giovanardi (1989) have recently surveyed three fields and six point sourees for
H20 maser emission. Only the souree FIRS1 in the eore was positively deteeted.

The distanee to the eloud is still a matter of eontroversy. The kinematie distanee ealculated
from CO data is ::::::: 600 pe (Zhang et al., 1988b). Photometrie values between 250 and 700 pe
are given in the literature (Chavarda et al., 1988; Zhang et al., 1988b and referenees therein).
The different estimates of the photometrie distanee are generally based on the same stars,
the diserepaney eoming from the assumption of different luminosity elasses. De Lara et al.
(1991) have reobserved several Serpens stars. The new value they find is 311±38 pe and is
based on five well-observed stars.

3. The cloud core

3.1. Optical observations

Optieal studies of the Serpens eore have mainly been eoneentrated around SRN and to a
lesser extent around the nebulosity GGD 29 (Gyulbudaghian et al., 1978).

Extensive CCD images up to wavelengths around 0.9J-lm have been carried out by Hartigan
and Lada (1985) and G6mez de Castro et al. (1988). Around 20-25 stars are observed in
the I (0.9 J-lm) CCD images. 7 nebulae are found among them: 5 showing a eometary-like
morphology and the other two abipolar one. 3 out of the 5 eometaries are also seen in the
optieal photographs; one of the bipolars is SNR itself. The seeond bipolar is very faint and
is assoeiated with a radio souree and one of the stars in the SVS4 PMS stellar group (see
below). Figure 2 shows the 0.9 J-lm image eentered on SRN taken by G6mez de Castro et al.
(1988). In that figure two eometary nebulae and the young double souree SVS20 are also
seen.
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Figure 1: The Serpens molecular cloud as seen on the POSS red plate. Large scalc structure
is clearly visible on this photograph. Some prominent objects are indicatcd.
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GEL12 -

GEL17 -

\

SVS2

.... SVS20

Figure 2: 0.9 Itm image of SRN taken with thc Calar Alto Observatory 3.5 m telescope.
SVS2, thc star ilillminatillg SRN, is hiddcn by the nebulosity on this picture; its approximate
position is inclicated. Two comctary ncbulae and the young double PMS star SVS20 are also
shown.
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Polarimetrie measurements of SRN have been carried out by Worden and Grasdalen (1974),
King et al., (1983), Warren-Smith et al. (1987) and G6mez de Castro et al. (1988). Two
distinet polarization patterns are seen: the typical centro-symmetric orientation of the elec
tric veetors in bipolar nebulae, and a non-centro symmetrie band around the illuminating
star, perpendicular to the main axis of the nebula, where the polarization grade goes down.
The exciting star, SVS2 (Strom et al. 1976), is seen at the apex of the northwestern bipolar
lobe.

Speetroscopy of SRN has been carried out by Strom et al. (1974), Cohen and Kuhi (1979),
and G6mez de Castro (1990). Ha is seen in emission and presents a complex spatial strueture
elose to the star SVS2. The hydrogen line is split in a blueshifted and a redshifted component
covering a velocity range from ~ -250 to 320 km S-1; in addition, there seems to be a
compaet « 3") shocked emission knot, located ~ 1.5' west of SVS2, embedded in SRN
(G6mez de Castro, 1990, and private communication). We also have an Ha speetrum of
GGD29. In this case a broad Ha emission of ~ 200 km S-1 is seen (Eiroa, unpublished
observations).

3.2. Infrared observations

Strom et al. (1976) studied at near-IR wavelengths a region of around 95 arcmin2 approxi
mately centered on SRN. They found 20 sourees, of which at least six were not associated with
visible objects. ChurchweIland Koornneef (1986) mapped the central 10 arcmin2 of the core
at 2.2J.lm and found 13 sourees, most of them being new detections and only three identified
with optical counterparts. Eiroa et al. (1987) and G6mez de Castro et al. (1988) observed
the regions around SRN, SVS20 and SVS4. They found extended emission associated with
SVS2 (the illuminating star of SRN) and with SVS20, as weIl as several individual infrared
sources at the position of SVS4. As a whole, a total amount of around 30 near-IR sources
have been detected in the works mentioned, many of them presenting the characteristics of
low-mass PMS objeets.

Eiroa and Casali (1991) have carried out a very detailed study in the near-IR of the Serpens
eloud core. We have obtained high sensitivity near-IR images of a region of 30 arcmin2

centered on SRN, thus practically covering the whole eloud core. The observations have
been done with IRCAM at the United Kingdom Infrared Telescope (Mauna Kea); data have
been obtained through the filters J, H, K, L'(narrow) and ice (narrow 3.1J.lm filter). The
main results are as follows. (a): Around 160 near-IR sources are observed in the field; most
of them are new deteetions. (b): Several new stars associated with cometary-like nebulae are
found. In particular, a near-IR counterpart of the far-IR/radio source Serpens-FIRSI has
been detected for the first time. The source has the appearance of a jet-like nebulosity with
a point-like source (see also Eiroa and Casali, 1989). (c): The images reveal new nebular
structures associated with known Serpens embedded sourceSj in addition, a large-scale, very
diffuse nebulosity extending from the north of SRN towards SVS4 is obvious in the K-imagej
its size is 2'x3'. (d): The data show that around 50 young low-mass stars are embedded in
the Serpens core. This figure increases cogsiderably the previous estimate by G6mez de
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Castro et al. (1988).

Observations of the 3.1 p,m absorption due to H20 ice-coated dust grains in the line of sight
of several Serpens sources have been reported by ChurchweH and Koornneef (1986), Eiroa
et al. (1987), Eiroa and Leinert (1987), Eiroa and Hodapp (1989a) (these latter authors
also observed the 4.67p,m absorption of solid CO) and Eiroa and Casali (1991). They used
photometric, spectroscopic and speckle techniques. The observations demonstrate that the
icy grains are widespread in the Serpens intradoud medium and are not strictly limited to
circumstellar PMS environments. A relationship seems to exist between the optical depth
of the 3.1 p,m absorption and the optical extinction. In this sense, Serpens is similar to the
Taurus complex, although in Serpens the Av-threshold to detect the ice absorption is likely
to be higher than in Taurus.

Far-IR observations have been carried out by Nordh et al. (1982) and Harvey et al. (1984).
In addition, Zhang et al. (1988a) have presented IRAS maps of the core. Morphologically, it
presents a "double-peaked" structure. One peak is located towards the NW of SRN in the
more optically obscured part of the doud. This peak, normally caHed Serpens-FIRS1, is weH
defined displaying a dear point-like appearance and is associated with a tripie radio source,
H20 masers, and a recently discovered near-lRjet-Iike nebulosity. The second peak is located
nea;r SRN and is not point-likej it is a source extending from the north of SRN to the south
in the direction of SVS4. This far-IR emission overlaps quite weH with the diffuse nebulosity
detected in the near-IR images. The estimated totalluminosity of the Serpens core differs
considerably among the three aforementioned works (for an explanation see the discussion of
Zhang et al., 1988a). However, they do have in common the relatively low luminosity derived
from the far-IR data, which indicates that only intermediate or low-mass stars are present.
The dominant far-IR source is FIRSI with a totalluminosity of L~ 1.2xl0-3 D2(pc) L0 •

Colour temperature and optical depth maps have been derived by Zhang et al. (1988a)
from the IRAS data. The colour temperature exhibits a hot ridge extending from 'the SE
towards the NW through SRN. The temperature in the ridge achieves values of ~ 34 K in
some locationsj outside the ridge the temperature decreases down to ~ 23 K. In addition,
the 100p,m optical depth map presents an appearance similar to the brightness distribution.
Thus, the far-infrared peaks could be produced by dust density effects.

3.3. Radio observations

CO, OH, NH3, HCO and H2CO molecular radio observations of the core have been carried out
by a variety of groups (Loren et al., 1979, 1981; Loren and Wooten, 1980, Ho and Barret,
1980, Rodriguez et al., 1980j Little et al., 1980j Ungerechts and Güsten, 1984j Takano,
1986j Torrelles el al., 1989). The LSR velocity of the molecular lines is ~8 km/s and the
widths are suprathermal (e.g. v(NH3)~1 km S-I, Ungerechts and Güsten, 1984). Kinetic
temperatures deduced from CO are higher than those deduced from NH3 and similar to the
dust temperatures deduced from IRAS. Loren et al. (1979) observed a high density core
(n(H2)~ 7xl04cm-3) of radius 3.3 arcmin and mass 1200 M0 (at their assumed distance of
440 pe). The relatively low resolution NH3 observations of Little et al. (beamwidth 2.2')
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show an ammonia distribution similar to the far-IR emitting region, likely indicating a high
density gas-dust mixture. The NH3 map of Ungerechts and Güsten (resolution 40") shows
two subdouds. The NW doud approximately coincides with Serpens-FIRS1 and the SE
doud is located dose to SRN and coincides with the K-diffuse large-scale nebulosity. Gas
densities from NH3 and H2CO line measurements estimated by the latter authors are in
the range 1-2x104 cm-3 • The total mass of the high density douds is 20 M0 (assumed
distance of 440 pc) and they are virialized. In addition, a SE-NW velocity gradient of ~
1.3 km S-1 pc-1 has been noticed by Ho and Barret (1980) and Ungerechts and Güsten
(1984).

CO and OH molecular outflows in the direction of Serpens have been detected by Loren et
al. (1981), BaBy and Lada (1983), Mirabel (1987), Mirabel et al. (1987), and Clark and
Turner (1987). In addition, Nordh et al. (1982) reported high velocity CO-wings at the
position of SVS4. Bally and Lada (1983) mapped the CO outflow, its size is very large,
around 12'x 17'. The blueshifted and redshifted components are centered dose to SRN on
the diffuse K-nebulosity. A total velocity extent of ~ 28 km S-1 is seen in CO and OH.
The outflows cannot be ascribed to a single driving source. In fact, the morphology of the
CO outflow and the K IRCAM image suggest that the molecular gas of Serpens is somehow
being pushed away by the common action of the PMS objects embedded in the doud core
(Eiroa and Casali, 1991). In this sense, new high-resolution CO observations carried out
with the Nobeyama 45-m telescope show very different CO wing profiles towards the sources
FIRS1 and SVS4 (Eiroa et al., 1992, unpublished observations).

Two radio continuum sources were discovered by Rodriguez et al. (1980). Further radio
continuum measurements have been carried out by Ungerechts and Güsten (1984), SneB and
BaBy (1986) and Rodriguez et al. (1989). One of the sources is located at the position of
SVS4 and the second is associated with FIRS1. In both cases the luminosity deduced from
the radio continuum is much larger than the total IR luminosity (Snell and BaBy, 1986). I
refer to the foBowing section for some more details concerning the radio sources.

H20 maser emission has been detected by Blair et al. (1978), Rodriguez et al. (1978, 1980),
Dinger and DiCkinson (1980) and Palla and Giovanardi (1989). Ungerechts and Güsten
(1984) failed to detect any H20 masers. The maser source seems to be associated with
FIRSI and shows a remarkable variability in its velocity structure and flux (see e.g. Palla
and Giovanardi, 1989). In addition, OH maser emission has recently been deteeted by
Rodriguez et al. (1989) and coincides in position with the radio source associated with
FIRSl.

Mirabel et al. (1989) have found extended, weak anomalous OH emission in the direetion
of several galactic star-forming regions, including Serpens. This ernission with a 1667/1665
line ratio dose to 4 is sirnilar to that produced by extragalactic rnegarnasers; Mirabel et al.
suggest that this result could help to understand the extragalactic rnegarnaser phcnornenon.

JCMT continuum observations between 0.8 and 2mrn have been carricd out at Mauna Kea
(Casali et al., 1992). The extended 1.1mm emission shows a morphology quite different
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from that deteeted in NH3 and in the far- IR. Few known Serpens stars are deteeted in this
wavelength range. In addition, two new submillimeter sources have been found.

4. Short discussion

4.1. PMS objeets in the cloud core

Table 2 gives a list of eonfirmed young objects in the Serpens eore, whieh ean be found in
published works (Churehwell and Koornneef, 1986; G6mez de Castro et al., 1988; Eiroa and
Casali, 1989). G6mez de Castro et al. estimated lower limits of 6% and 240 M0 pe-3 for
the star formation effieieney and the stellar density respeetively. In fact, the near- IR images
(Eiroa and Casali, 1991) demonstrate that ~50 young objects are embedded in the cloud
eore. Thus, both figures are inereased eonsiderably with respect to the previous estimate, and
the eonclusion of G6mez de Castro et al. about the formation of a gravitationally bounded
cluster after the removal of the gas cloud is reinforeed. On the other hand, the argumentation
is based on an assumed distanee of 250 pe (Chavarria et al., 1988). If the distanee of 700 pe
is considered (Zhang et al., 1988b), the eonclusion of GEL must be regarded with eaution
for the star formation effieieney and the stellar density would be eonsiderably lower.

Additionally, the young objects present a remarkable alignment of their projected symme
try axes in the SE-NW direction, whieh is approximately parallel to the large-seale helical
eomponent of the loeal magnetie field (Mathewson and Ford, 1970; G6mez de Castro et al.,
1988). The new eometary nebulae found in the near-IR images are also oriented in the same
direetion. Such alignments are found in various clouds (e.g. Strom et al., 1986) and are
interpreted in terms of the role played by the magnetie field in the formation of outflows
and, in general, in the star formation processes. This interpretation is in eonfliet with that
of Warren-Smith et al. (1987), who suggest a magnetie field perpendieular to the main axis
of the nebulae. The interpretation of G6mez de Castro et al. seems also to be in eontra
dietion to that of Zhang et al. (1988a), who suggest a flattened dust ring rotating on an
axis perpendieular to the main axis of the nebulae. They base their interpretation on the
SE-NW velocity gradient of Nlh (Ungereehts and Güsten, 1984) and on the far-IR and NH3

morphology.

4.2. Individual objeets

SRN. The Serpens refleetion nebula is the most outstanding optieal objeet of the cloud eore
(Figure 2). SRN is illuminated by the PMS souree SVS2 as the eentrosymmetrie pattern of
the polarization shows (e.g. Worden and Grasdalen, 1974). This pattern is distorted in some
regions of the SE nebular lobe due to the presenee of other PMS Serpens stars (e.g. SVS20).
SVS2 has been classified as late B or early A (Worden and Grasdalen, 1974), although a
MO spectral type has also been proposed (Cohen and Kuhi, 1979). Assuming a distanee of
250 pe, G6mez de Castro ct al. estimated a bolometrie luminosity in the range 0.6-20 L0 ;

this range should be inereased to 5-160 L0 if the distanee of 700 pe is taken. In any ease, an
intermcdiate/low luminosity PMS st.ar is implied. The HQ' speetrum of SVS2 shows that
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the star is losing mass (G6mez de Castro, 1990), and she suggests that the magnetic field
could play a significant role. The direct images and the polarization measurements in SRN
indicate the presence of a dust disk around SVS2j its apparent size is ~5" -8" and produces
an optical extinetion of around 7 mag. Eiroa and Hodapp (1989b) have carried out high
spatial resolution infrared images of a field 9"x9" around SVS2; the infrared morphology is
similar to that observed at shorter wavelengths and the dust disk is also evident. The band
of low polarization associated with the disk is probably produced by multiple scattering in
the optically thick dust disk (Bastien, 1987).

GGD29. This objeet was initially proposed as a suspeeted HH object (Gyulbudaghian et
al., 1978). However, polarization measurements show that the object is in fact a reflection
nebulosity, the illuminating star being the brightest of the two optically visible stars (Warren
Smith et al., 1987); this star suffers low foreground extinetion (G6mez de Castro et al., 1988).
As mentioned in 3.1. there is a broad Ha line emission. On the infrared images of Eiroa and
Casali (1991) GGD29 seems to be the latest member of a chain of stars going from the east
to the northwest, although at present we do not know if this is accidental or if those stars
are related indeed.

CK2. It is one of the redder objeets observed in the core (Churchwell and Koornneef,
1986) and shows the deepest observed ice feature in Serpens (Eiroa and Hodapp, 1989a).
Wolfire and Churchwell (1987) have fit ted the CK2 energy distribution, the best-fit model
being a PMS star of M~ 2 M0 and L~27 L0 , and suffering a foreground optical extinction
of ~32 mag.

SVS20. The objeet was first found by Strom et al. (1974). SVS20 is the brightest near-IR
source in Serpens and is, in fact, a double source. The separation between both components
is 1.6" and the brightness ratio remains praetically constant from 0.9JLm to 5JLm (Eiroa et
al., 1987; Eiroa and Leinert, 1987; Leinert, private communication). The depth of the ice
feature appears to be the same for both stars, which suggests that they suffer similar optical
extinction and, consequently, have similar intrinsic energy distribution, in spite of their
different luminosities. Relying on luminosity and temperature constraints Eiroa and Leinert
(1987) suggest that the SVS20 stars are 1-2 M0 PMS objects which have not achieved the
T Tauri stage yet. A qualitatively similar result for SVS20 as a single source is found by
Wolfire and Churchwell (1987) on the basis of their energy distribution models.

SVS4. This is the IR source south of SRN where a radio continuum source is detected
(Rodriguez et al., 1980). The ice band is very pronounced at this position of the cloud (Eiroa
and Hodapp, 1989a). CCD images show the presence of a very faint bipolar-like object. This
is the only object departing from the common orientation of the Serpens nebulae (G6mez
de Castro et al. , 1988). Deep near-IR images show 11 objeets surrounded by a tenuous
nebulosity of ~50" in size (Eiroa and Casali, 1989). One of the IR stars coincides with the
bipolar-like nebula; a second one is the cometary nebula GEL5. The total luminosity lies
in the range 22.5-175 L0 , depending on the assumed distance; thus, the stars constitute a
group of low luminosity objeets, likely solar-type stars. Assuming that the stars are of 1 M0
and that they are grouped in a volume of diameter equal to the observed angular size, the
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mass stellar density exceeds the value of 103 MG) pe-3 , even for the distance of 700 pe. This
means that the PMS SVS4 stellar group is really very dense.

FIRSt. This object is the most luminous source embedded in the cloud eore, Lr::::: 115 LG)
(for d=310 pe), and it is the only loeation where H20 maser emission has been detected.
The 6em radio eontinuum souree has a tripie strueture eonsisting of a eentral objeet, and two
lobes with spectral indices eharaeteristie of nonthermal emission. These outer eomponents
show proper motions (Rodriguez et al., 1989). A jet-like nebulosity with a point souree at
its SE apex is detected in the near-IRj the nebulosity mainly eonsists of H2 emission (Eiroa
and Casali, 1989). FIRSI is the only spot in the Serpens core where shoek exeited emission
is det~cted. In addition, the nonthermal emission of the radio souree makes FIRSI a very
unusualobjeet (Rodriguez et al., 1989)j theoretieal studies of the objeet have been made by
Crusius-Wätzel (1990) and Henriksen et al. (1991). Very reeently, Torrelles et al. (1992)
have performed sensitive VLA observations in NH3 of the objeet.

5. Future work

The proximity of the Serpens region and the riehness of observed phenomena make Serpens
a good laboratory for studying the processes involved in the formation of stars in moleeular
clouds using high quality observational data. In addition, Serpens appears to be suited for
eomparing the predietions of theoretical models with observational results.

A non-exhaustive list of future observational work to be done in Serpens should include the
following aspeets:

• The distanee to the cloud should be determined preeisely. This is a key parameter
for aspeets like the luminosity of the sources and figures as important for the theories
of star formation in molecular clouds as the star formation effieieney and the stellar
density. The distanee estimate of 310 pe given by de Lara et al. (1991) is probably the
best one for the Serpens dark cloud at present. Nevertheless, an independent estimate
eonfirming their value would be extremely useful.

• A reliable determination of the total cloud core mass is also necessary. The estimates
that have been done using different mass indieators - which, in fact, sampie different
parts of the cloud (H2CO, NH3 , far-IR) - differ in faetors larger than one order of
magnitude.

• The total luminosity of individual sources should be estimated in order to eonstrain
better the mass of the Serpens PMS objeets. This eould probably be done by means
of mid- and far-IR observations (ISO) and by using submillimeter teleseopes.

• The magnetic field seems to play a key role in Serpens. However, there are no mea
surements of the field within the cloud and its immediate surroundings.
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• The molecular outflows have been observed with poor spatial resolution. Higher spatial
resolution observations should be carried out to study the outflow of eloud material
elose to several PMS sources (e.g., FIRS1).

• The near-IR source in FIRS1 does not seem to coincide with the radio source. In
addition, the 2.21lm position significantly differs in the works of Eiroa and Casali
(1989) and Rodriguez et al. (1989). New observations are necessary to elucidate this
point since they might be useful to understand the young stellar aetivity in this part
of the eloud core.

• New very deep observations of the tiny nebulosity in SVS4 should investigate if it is
abipolar nebulosity indeed, and why it departs from the common alignment of other
objeets in Serpens.

• More observations of the large-scale Serpens molecular eloud charaeteristics are nec
essary to achieve a complete picture of this interesting star formation region. In par
ticular, infrared and radio observations of the field around the objeets HH106-HH109
should be undertaken.
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Table 1. Visible young stars assoeiated'with the Serpens moleeular cloud.

Objeet a (1950) h (1950) V(mag) Sp.T. Notes

1 BD-2°4607 18h 18m 57B _2° 04' 02" 10.44 A2V: 1
3 VV Ser 18h 26m 15B +0° 06' 34" 12.67 A2eß 1
4 18h 26m 59B -0° 15' 35" 9.55 1
5 18h 27m

OOB +1° 06' 13" KO: 1
6 18h 27m 01 B +1° 06' 20" 8.2 AOV 1
7 18h 27m 25B

: +0° 58' 35": 12.42 1
9 18h 27m 35B + 1° 01' 17" 11.86 >G9 1,a

10 BD+1°3694 18h 27m 52B +1° 11' 26" 9.92 A1V 1
12 SAO 123590 18h 28m 17B +1° 21' 22" 8.45 B4V 1
13 SAO 123595 18h 28m 37B +1°25'14" 8.57 B3V 1
14 18h 28m 40B _2° 22' 54" 14.12 Beß 1
15 SAO 123661 18h 32m 35B +0° 00' 03" 7.99 B3V 1
16 18h 34m 24B +0° 17' 36" 10.75 <AOV 1
17 18h 29.3m -2° 05.4' 14.17 1
Ser groups/G1 18h 25.7m -0° 05' : 17.3 K7 2

/G1/e 19.6 2
/G2 15.1 K1 2
/G3 18.4 K7 2

Ser groups/ G4 18h 26m 31 B: +0° 27' 08": 19.7 2
/G5 17.5 MI 2
/G6 16.8 K3 2

ESO Ha 279 18h 26m 59B +1° 16' 39" 3

1: The numbering eorresponds to Chavarria et al.(1988)
2: Cohen and Kuhi (1979)
3: Reipurth and Eiroa (1992)
a: double star
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Table 2. Positions and K magnitude of confirmed young objeets in the Serpens cloud core.

Object Other Name a (1950) b (1950) K(mag) Notes

FIRS1 18h 27m 17.33 10 13' 23" 14.76 3
SVS4/1 18h 27m 24.03 10 10' 09" 13.65 3
SVS4/2 GEL5 18h 27m 24.23 10 10' 51" 11.26 2,3
SVS4/3 18h 27m 24.33 10 10' 30" 13.42 3
SVS2 CK3,GEL6 18h 27m 24.53 10 12' 41" 8.80 1,2,3
SVS4/4 GEL7 18h 27m 24.63 10 10' 39" 11.01 2,3
SVS4/5 18h 27m 25.P 10 10' 52" 11.44 3
SVS4/6 CK5,GEL9 18h 27m 25.33 10 10' 56" 11.89 1,2,3
SVS20 CK1,GELlO 18h 27m 25.43 10 11' 59" 6.97 1,2,3
SVS4/10 GEL11 18h 27m 25.43 10 10' 43" 10.35 2,3
SVS4/7 18h 27m 25.53 10 10' 20" 13.02 3
SVS4/8 18h 27m 25.53 10 10' 29" 11.37 3
SVS4/9 18h 27m 25.53 10 10' 38" 9.81 3
CK4 GEL12 18h 27m 25.93 10 13' 17" 9.3 1,2
SVS4/11 18h 27m 26.03 10 10' 42" 12.24 3
CK2 18h 27m 28.23 10 13' 17" 8.86 1
CK6 GEL15 18h 27m 28.43 10 11' 33" 9.95 1,2
CK7 18h 27m 29.33 10 11' 54" 12.74 1,2
SVS1 GEL17 18h 27m 29.33 10 13' 10" 9.62 2
GEL18 GGD29 18h 27m 31.33 10 14' 16" 2

1: Churchwell and Koornneef (1986)
2: G6mez de Castro et al. (1988)
3: Eiroa and Casali (1989)
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