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Abstract . The properties and structure of six molecular complexes within 500 pc of the 
Sun are described and compared. They are generally organized into elongated filaments 
which appear connected to less elongated, more massive clouds. Their prominent star clus-
ters tend to be located in the massive clouds rather than in the filaments. The complexes 
have similar structure, but big differences in scale, from a few pc to some 30 pc. They 
show a pattern of regional virial equilibrium, where the massive, centrally located clouds 
are close to virial equilibrium, while the less massive filaments and other small clouds 
have too little mass to bind their observed internal motions. Complexes can be ranked 
according to increasing size, mass, core mass, and the mass and number of the associated 
stars : they range from Lupus to Taurus to Ophiuchus to Perseus to Orion Β to Orion 
A. The cores in nearby complexes tend to have maps which are elongated, rather than 
round. The core size, velocity dispersion, and column density of most cores are consistent 
with virial equilibrium. Cores in Orion tend to exceed cores in Taurus in their line width, 
size, temperature, mass, and in the mass of the associated star, if any. Stars in Orion tend 
to be more numerous and more massive than in Taurus, while those in Taurus tend to be 
more numerous and more massive than in Lupus. The mass of a core tends to increase 
with the mass of the cloud where it is found, with the mass of the star cluster with which 
it is associated, and with its proximity to a star cluster. These properties suggest that 
complexes and their constituent cores and clusters develop together over time, perhaps 
according to the depth of the gravitational well of the complex. 
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1. I n t r o d u c t i o n 

This article summarizes and compares propert ies of six molecular cloud complexes 
within 500 pc of the Sun : Lupus , Taurus-Auriga, Ophiuchus, Perseus, Orion B, 
and Orion A. T h e dimensions, density, s t ruc ture , internal mot ions , and prevalence 
of equilibrium are discussed on the scale of the complex and on the scale of individ-
ual dense cores. T h e stellar content in individual s tars and in clusters is described 
and compared. Interrelations among the complexes, and their cores and s tars are 
discussed. This paper focuses on a cloud complex as a system, and touches only 
briefly on formation of individual s tars . For more detailed discussion of s ta r forma-
tion, see the papers in these proceedings by Evans , Lada, and Larson. 
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2. C o m p l e x e s 

The complexes in Lupus (Murphy, Cohen, and May 1986; Krau t t e r 1990), Taurus 

(Ungerechts and Thaddeus 1987), Ophiuchus (Loren 1989α,6), Perseus (Bachiller, 

Cernicharo, and Duvert 1985), Orion Β (Lada 1990), and Orion A (Maddalena 

and Thaddeus 1986) appear similar in their overall s t ruc ture , in t ha t they are 

generally organized into elongated filaments. The filaments t e rmina te in rounder , 

more massive s t ruc tures in Taurus , Ophiuchus, and Perseus. These more massive 

clouds contain the embedded s tar clusters "Group I" in Taurus (Jones and Herbig 

1979), the cluster associated with HD 147889 in Ophiuchus (Lada, Wilking, and 

Young 1989), and the NGC 1333 cluster in Perseus (Strom, Vrba and St rom 1976). 

Also, the Orion A filament terminates in the Trapezium and Kleinman-Low cluster, 

whose molecular gas environment is much denser t han , a l though not distinct in 

shape from, t ha t in the elongated cloud L1641 to the South. In Lupus , the small 

cluster which contains HR 5999 and some 20 lower-mass s tars appears at the end 

of a filament of high extinction (Schwartz 1977). Thus most of the embedded star 

clusters in these six complexes lie at the ends of filaments, where in three cases they 

are sur rounded by unusually massive and less elongated concentrat ions of gas. 

These similarities of s t ruc ture and stellar concentrat ion in complexes are accom-

panied by marked differences in the "scale" of several complex propert ies : the 

size, column density, mass , and velocity dispersion increases significantly from Lu-

pus to Perseus to Orion. For example, the linear extent of the CO emission map 

in Lupus is smaller t h a n in Orion by a factor ~ 5 . Fur thermore the propert ies of 

associated s tars also increases in the same sense : from Lupus to Perseus to Orion, 

the number of s ta rs , the number of massive s tars , and the degree of clustering of 

s tars also increase. For example, there are some 50 Τ Tauri s tars known in Lupus, 

bu t some 1000 s tars known in Orion A. Taking these factors into account, we can 

rank the "scale" of the six complexes under consideration from Lupus , where it is 

smallest, to Taurus , to Ophiuchus, to Perseus, to Orion B, to Orion A. 

The brightest and most massive pa r t s of many molecular cloud complexes appear 

close to virial equil ibrium (Larson 1981), bu t detailed mapping of complexes shows 

tha t in many cases the less massive and filamentary clouds farther from the center 

of a complex tend to be subvirial : they have too little mass to bind the internal 

motions in their line wid ths . This proper ty is evident in Taurus from the CO 

maps of Ungerechts and Thaddeus (1987), and in Ophiuchus from the 1 3 C O maps 

of Loren (1989α, 6). This interesting proper ty is not fully unders tood. It is also of 

interest because it is related to the presence or absence of the well-known correlation 

between the line wid th Δ ν and the size R . For example, in Ophiuchus Loren (1989α) 

found t ha t 13 of the 89 clouds he catalogued have line widths within a factor of 2 of 

the value expected in virial equil ibrium, and t ha t the 89 clouds show no correlation 

between Δ ν and R . Bu t examinat ion of the 13 clouds close to virial equilibrium 

shows t ha t they exhibit such a correlation, approximately as Δ ν oc R 0 5 . This 
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property is easily unders tood, since one can write the identity 

Αν2 oc NR 

where Ν is the mean column density over the m a p of size R , and where Κ and G are 

respectively the kinetic and gravitat ional energy density in the cloud. Thus a cloud 

close to virial equil ibrium has Av oc NR. When the clouds under consideration 

have a relative range of Ν smaller t han the relative range of R, it follows t h a t 

Av oc R0'5 as observed in Ophiuchus. This result follows regardless of the reason 

for the small range of N, which could arise from selection, sensitivity limits, or from 

equiparti t ion between magnet ic and kinetic energy and a relatively small range of 

magnetic field s t rength . 

3. D e n s e C o r e s 

Comparison of propert ies of dense cores in the nearby complexes reveals significant 

differences in core size, line width , column density, t empera tu re , and mass , depend-

ing on which complex one considers, and also on position within the complex. 

Before comparing core propert ies , it is impor tant to recognize t ha t a comparison 

requires a consistent definition of core identity. The spectral line emission which is 

used to define cores can have a complex spat ial dis tr ibut ion, and any definition is 

somewhat idealized. Thus a stat ist ic as basic as the number of cores in a cloud can 

vary greatly from definition to definition. For example, an emission region wi th two 

peaks separated by a "valley" higher t han half the height of the higher peak would 

have one core, if the core is defined by the contour of half-maximum intensity. It 

would have two cores, if a core is defined by a distinct local max imum of intensity. 

It would have three or more cores if a core is defined by application of a "clean" 

iteration procedure . In such a procedure, a two-dimensional Gaussian is fit to each 

local maximum, sub t rac ted from the observed m a p , and then a new fit is applied to 

the residual profile. All three of these definitions are in current use. In the following 

discussion we use the half-maximum contour of line intensity. 

The shape of a core m a p is generally elongated, with aspect rat io about 2 : 1, in 

Taurus, Ophiuchus, and other smaller dark cloud regions, according to a s tudy of 16 

cores, each mapped in lines of N H 3 , CS, and C 1 8 0 (Fuller 1989; Benson and Myers 

1989; Myers et ai 1991). In at least six cores, this elongation probably corresponds to 

a prolate, ra ther t h a n oblate, shape in three dimensions. Pro la te shape is especially 

interesting because it implies t h a t the core cannot be modelled by an isolated self-

gravitating region in s table equil ibrium with a simple combination of isotropic 

motions, ro ta t ion, and magnet ic fields. Models which include the effects of the core 

environment are needed. 

Despite the uncertainty about core geometry, most cores appear near to virial 

equilibrium, independent of which geometrical model one adopts . Equi l ibr ium mod-

els of the relation between core line width , size, and column density were compared 
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with observed values of these quanti t ies for spheres with various power laws of 

density wi th radius; for rotat ionally suppor ted oblate spheroids; for magnetically 

supported oblate spheroids; and for segments of an infinitely long, magnetically 

suppor ted , prola te cylinder. In all cases the observed quantit ies are consistent, 

within their scat ter , wi th the range of possible values for each equil ibrium geome-

try (Myers et ai 1991). 

The N H 3 line mapp ing studies of cores in Taurus by Benson and Myers (1989) 

and in L1641 in the Orion A region by Harju, Walmsley, and Wouterlout (1990) offer 

a good comparison of core propert ies between regions with substantial ly different 

size scale and stellar content , especially because the studies were made wi th nearly 

the same linear resolution, F W H M about 0.08 pc. These observations indicate t ha t 

cores in Orion have significantly broader lines (median line width 0.75 k m s - 1 ) and 

larger sizes (median F W H M 0.17 pc) t h a n do cores in Taurus (median line width 

0.29 km s - 1 , median F W H M 0.08 pc) . Figure 1, adap ted from Harju, Walmsley, 

and Wouterlout (1990), i l lustrates these propert ies. Fur thermore , the Orion cores 

are substantial ly hot te r and more massive t han their Taurus counterpar t s , and are 

associated wi th IRAS sources substantial ly more luminous, and thus presumably 

with s tars substantial ly more massive, t h a n those in Taurus . Thus the cores in 

Orion and Taurus show a ranking of propert ies similar to those already evident in 

the larger-scale propert ies of the complexes. 

UNEWIDTHS IN TAURUS AND ORION 
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Fig. 1. Distributions of N H 3 Line Width and Map Size in Taurus and Orion 
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In Taurus , Ophiuchus, and other relatively small, nearby complexes, surveys for 

cores based on criteria independent of the presence or absence of an embedded 

star found tha t abou t half of the cores have of the cores have associated s ta rs , and 

half are "starless" (Myers and Benson 1983; Beichman et al 1986). To da te , most 

of the surveys for cores in larger, more distant complexes have been based on the 

presence of an embedded s tar . A notable exception is t ha t of E. Lada (1990) in the 

Orion Β region. In order to compare "initial conditions" for s tar formation from 

region to region it will be necessary to carry out more unbiased surveys, to allow 

more starless cores to be identified and compared with their counterpar ts in other 

regions. 

4 . S t a r s 

The Τ Tauri s tars in Orion, Taurus , and Lupus differ in their dis t r ibut ions of 

spectral type, in the sense tha t Orion exceeds Taurus , and Taurus exceeds Lupus , 

in the number of s ta rs , and in the mass of the typical s tar . Compar ison of the 

number dis t r ibut ions in Orion and Taurus-Auriga, from Cohen and Kuhi (1979), 

and in Lupus , from Krau t t e r (1990), shows tha t Orion, Taurus , and Lupus have 

respectively 112, 81 , and 58 Τ Tauri s tars wi th known spectral types , and have 

median spectral type respectively K4, K7-M0, and M l . 5 . 

Fur thermore , comparison of the circumstellar reddening of IRAS sources in 

L1641 in Orion and in Taurus indicates t ha t the Orion sources are considerably 

redder t han those in Taurus , suggesting t ha t the Orion sources have significantly 

higher column density of circumstellar dust t han the Taurus sources (Strom, Mar-

gulis, and St rom 1989). 

These differences among young s tars in Orion, Taurus , and Lupus appear con-

sistent wi th the differences in propert ies of the complex gas, and core gas, in the 

sense tha t the larger, more massive complexes tend to have larger, more massive 

cores, and to have a greater number of young s tars , and on average s tars of greater 

mass. 

5 . I n t e r r e l a t i o n s A m o n g C l o u d s , C l u s t e r s , a n d C o r e s 

The core size, velocity dispersion, extinction, and mass appear to increase with 

increasing complex size and mass , as described above. Fur thermore , these same 

core properties also increase from one par t of a complex to another , in two ways 

related to the mass of an associated s tar cluster. The core mass and its correlated 

properties appear to increase wi th the mass of its associated s tar cluster. Also, a 

core associated wi th a s tar cluster tends to be more massive t han cores in the same 

complex, located in the less massive filaments extending away from the cluster. 

Table I presents examples of these two kinds of core mass variation. 

In Table I, the cluster mass increases from top to bo t tom, roughly in propor t ion 

of the number of associated s ta rs . Similarly, the mass , size, velocity dispersion, and 
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extinction of the associated core also increase from top to bo t tom. Fur ther , the core 

in each nearby cloud is distinctly smaller and less massive t han the core associated 

with the cluster. 

Table I suggests t ha t in addit ion to the variation in core mass and other prop-

erties from complex to complex, the core mass increases with the mass of the 

associated s tar cluster, and with proximity to the cluster. These variat ions can be 

unders tood if the cores, s ta rs , clusters, and complexes all scale together in response 

to a common cause. If so, the simplest explanation is t ha t the gravitat ional well of 

a complex sets the scale of the core and s tar formation in the complex. Within a 

complex, the biggest concentrat ion of mass occurs where the well is deepest . There, 

the most massive cores tend to form, and thence the most massive s tars . Of course 

this picture is extremely idealized, and many other factors may also be at work. 

Nonetheless, this pic ture has the vir tues of simplicity and the ability to be checked 

by observational da ta . 

TABLE I 
Cores Associated With Clusters, and With Nearby Clouds 

Complex Cluster Stars Ref. Core Ref. Nearby Core Ref. 

Tau-Aur AB Aur 5 1 L1517 2 — — 

Tau-Aur HK Tau 10 3 T M C 2 4 L1506 5 

Oph HD147889 80 6 L1688 7 L1709 7 
Per N1333 30 8 L1450 9 B l 10 

Orion Trapez ium 500 11 OMC-1 12 OMC-2 12 

References-1, Herbig and Bell (1988); 2, Benson and Myers (1989); 3, Jones and 
Herbig (1979); 4, Ho et al (1977); 5, Greenberg (1988); 6, Lada, Wilking, and 
Young (1989); 7, Loren, Wootten, and Wilking (1990); 8, St rom, Vrba, and St rom 
(1976); 9, Ho and Bar re t t (1980); 10, Bachiller, Menten, and del Rio (1990); 11, 
McCaughrean (1989); 12, Bat r la et al (1983). 

Note -Each cluster is named by its N G C name, or the name of its most prominent 
s tar . 

6· C o n c l u s i o n 

The six nearby molecular cloud complexes discussed here appear to have similar 

rank in their size, column density, mass , and velocity dispersion on scales from 

~ 1 0 pc to 0.1 pc . Their stellar content appears also to follow this ranking in their 

number of s ta rs , in their typical stellar mass , in the degree of stellar clustering, 

and in their circumstellar column density. The core propert ies also increase with 

increasing mass of their associated s ta r cluster, and wi th proximity to the s tar 
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cluster. These tendencies suggest that over a wide range of spatial scales, molecular 

gas in a complex is densest where the gravitational potential well is deepest, and 

embedded star clusters tend to lie close to these concentrations of gas. 

Many of these properties can be understood if the mass of a molecular cloud 

increases throughout nearly all of its lifetime, in contrast to the mass of a star. If so, 

relatively small complexes like Lupus and Taurus start out with relatively shallow 

gravitational wells, which favor the formation of relatively small, low-density cores 

and relatively low-mass stars, which appear singly or in sparse clusters. As the 

complex grows, its mean density increases. Its regions of denser gas, which have 

already begun to form small groups of stars, increase in mass faster than do their 

neighboring regions. These denser clouds tend to form larger and denser cores, 

perhaps by accretion and mergers of smaller, preexisting cores, and perhaps by 

dispersal of cores too small to survive tidal forces, now stronger than they were in 

the past. As long as low-density peripheral gas is available to feed the increasing 

gravitational pull of the complex, the growth of the complex and its constituent 

clouds, cores, stars and clusters should continue until the effects of stellar winds 

and luminosity disperse the gas. This picture is similar to that proposed by Herbig 

(1962), but with two new ingredients : the continual growth of the molecular cloud 

complex and the role of dense cores as intermediaries in forming stars. 
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