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ABSTRACT.  The massive OB stars in our Galaxy form predominantly in
the warm giant molecular clouds which constitute the spiral arms. The
clouds are subject to a variety of mechanisms which retard or prevent
further contraction, but are nevertheless able to form stable "cores".
In the regime of subsonic internal motions, the cores may be regarded
as potential protostars. The formation of massive cores, which then
form massive stars, may initially be determined by the statistics of
fragmentation, but may then be a feedback process, once underway, due
to the steep increase of the minimum Jeans' mass with increasing
temperature of the surroundings. This concept is the basis for the
model of bi-modal star formation, and its implications for the initial
mass function and the distribution of massive stars and metallicity
gradients in the Galaxy.

1. THE CURRENT MODEL

1.1 Molecular clouds: large, warm ones and small cold ones
According to current ideas, atomic hydrogen clouds in the inter-
stellar medium contract to form molecular clouds. Further condensations
in molecular clouds form stable "cores", which contract under a suitable
change in the external conditions to form protostars with flatted disks
and outflows which eventually clear away sufficient material so that
we can then observe the object, now nuclear-burning, as a pre-main
sequence star. In this process, the critical number densities of
hydrogen are thought to be as follows:
104 cm™°: Formation of molecular clouds from the atomic gas;
contraction along galactic magnetic field lines.
104 cm=3: Radiative coupling of gas and dust, leading to core-
envelope structures and hydrostatic equilibrium in cores.
>108 cm™3: some ion drift relative to neutrals; allows further
contraction (see models by Nakano 1984).
>10!11 ep™3: rapid loss of magnetic field (Nakano and Umebayashi 1986).
In protostellar disks, this process may drive bi-polar
outflows (Pudritz and Norman 1983, Uchida and Shibata 1985).
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The process appears to have two branches, as follows:
HI Clouds

Molecular Clouds:

Small, cold clouds Large,~warm clouds in spiral arms
Low-mass cores High-mass cores
¢ --- different physics? --—-.
Low-mass stars High-mass stars
in interarm Strong masers, HII regions,
regions strong winds
supernovae

Enrichment of ISM (e.g. oxygen)

"Permanent" lock-up of Mostly recycling of matter
matter in low-mass stars; some permanent lock-up of mass
determines mass distribution (white dwarfs, neutron stars)
of galaxy

Fig. 1 Schema for low and high-mass modes of star formation.

The left branch in Fig. 1 corresponds, crudely speaking, to the process
in interarm regions, and that in the right branch to spiral arm
regions. There are, again roughly speaking, two types of molecular
clouds: large warm ones and small cold ones (Table 1| ). The small
cold clouds are found throughout the galactic disk, while the giant
molecular clouds (GMC's), and supercloud complexes of GMC's, constitute
the spiral arms of our Galaxy.

The GMC's do not form simply by random coagulation of small
clouds in the general interstellar medium, but are presumably built
up from the smaller clouds in the spiral density wave. The massive
stars form predominantly in the warm GMC's, while mainly low-mass stars
form in small, cold clouds. The spiral density-wave shocks do not
sufficiently compress the gas to form stars directly, but the pressure
is sufficient to induce the gas to form supercloud complexes (e.g.
Jura 1976, Elmegreen this symposium). Alternatively, the GMC's may form
in the spiral arms due to increased density of clouds at crossing
points of orbits generated in response to bar forcing (Combes and
Gerin 1985). In either case, the rate of formation of massive stars is
indirectly increased relative to that in the interarm region, probably
in proportion to the amount of gas flowing through the spiral arms.

This division of clouds into two types, the large warm ones in
spiral arms, and small cold ones uniformly distributed in the galactic
disk, is supported by recent analyses of CO surveys (Robinson et al.
1986, Sanders et al. 1986, Stark and Bally 1987, Myers et al. 1986,
Cohen et al. 1986), and their comparison with HII regions seen on the
Bonn and Parkes radio continuum and recombination-line surveys, as well
as with FIR surveys. The result of these comparisons is that all HII
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Table 1.

Characteris;ics of Molecular Clouds

Warm, Giant Molecular Clouds (GMC's)

Small, cold clouds

Cores Envelopes Cores Envelopes

Temperature: 20-100 K 10-20 K 10-20 K 10 K
Mass: 100-5000 Mg 103-10° M, 1-100 M, 10-1000 M
Size: 1-3 pc 105200 d 0.05—l6pc 1-10 pc
H, density: 3 10%-107 em™3  10%-10% co™3 104-10% cm™3  102-103 w3
Morphology: GMC's often grouped globules "dark

in supercloud complexes clouds",

of 106-107 My, forming "dust

kpc-long segments of clouds"

spiral arms
Star OB clusters, HII regions, CO hot spots in globules,
formation strong NIR, FIR some bi-polar flows, IRAS

signposts:

intermediate~mass stars

hot spots

Velocity clouds: 3-15 km/s clouds: 0.1-3 km/s
ranges: Hp0 masers to 500 km/s HH objects to 200 km/s
Location: mainly spiral arms throughout galactic disk
Lifetime: 4 107 yr ?
Interpreta- GMC's built up from small Small molec. cleuds form from
tions: clouds in the spiral arms HI clouds in galactic disk
and from disruption of
GMC's by OB stars
Globules may be cores of small clouds whose envelopes
have been stripped
No. in 5000 Globules: 25000
Galaxy: Small clouds: 7?7
Bi-modal "high-mass mode" "low-mass mode"
star (spiral arms) (interarm)
formation:
Star mass:
min.: 2-3 M 0.1 My
max.: 60 My 60 M,
Refs: Cloud properties: Turner (1984), Evans (1985), Myers (1985)

Interpretations: No. in Galaxy:
Bi-modal star formation:

Variation of star mass with metallicity:

Globules: Leung (1985); lifetimes:
Formation of GMC's:
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regions in the inner Galaxy with peak fluxes > 1 Jy in a 2.6' beam at

5 GHz are associated with molecular clouds more massive than 102 M.
For a typical distance of 6 kpc, this flux limit corresponds to HII
regions with radio luminosities equal to or greater than that of the
Orion Nebula, so in the inner Galaxy, massive stars ionizing these
large HII regions all seem to be formed in GMC's (For distances greater
than a few kpc, weaker HII regions, such as NGC 2024 or Mon R2, would
be below the 1-Jy flux limit of the radio-line surveys).

1.2 Stability of Molecular Clouds

Once the clouds have formed, further contraction is slowed or
stopped by a variety of mechanisms. Those discussed in the literature
have been:

1) supersonic turbulence

2) rotation

3) winds (both protostar outflows and main-sequence winds)
4) magnetic fields

5) "gravito-turbulence", or "

star cloud turbulence"

1) Supersonic turbulence: Although suggested by the "supersonic"
linewidths of molecular lines observed in many clouds, it is generally
agreed that supersonic turbulence, if unreplenished, is ineffective in
supporting the clouds, as it will decay on a time scale comparable with
the gravitational free-fall time.

2) Rotation is equally unlikely for the majority of clouds, as
equilibrium rotation, balancing gravity, is not observed in most clouds,
possibly because of magnetic braking of the cloud rotation.

3) Winds: To explain the internal kinetic energy of giant molecular
clouds in the Galaxy, which is of the order of magnitude 1000 clouds
x (3 km/s)2 x 10° M, = 4 1050 erg, lasting 107 yr, the likely cloud
lifetime, one requ1res, for conversation of momentum,

(no. of flows x (Mv&/flow = (No. of clouds) x (M Av)/cloud
or, Mv per flow = 3 103 erg / (cm/s) = 10 My km/s per flow,
or an energy of 1045 erg per flow, for a flow velocity of 10 km/s
or, 1046 erg per flow, for a flow velocity of 100 km/s
(Silk, this symposium; see similar calculation for Main-Sequence type
winds by Kahn, this symposium).
While these values are certainly in the range of the larger molecular
flows, such as Orion 5 1047 erg, or Mon R2, 1 1047 erg, it may not be
possible to provide this average energy per flow with the lower mass
outflows (e.g. T Tau 4 1043 erg; but see Beckwith et al. 1983).
4) Magnetic fields: Does cloud contraction take place in spite of
magnetic fields? Arguments found in recent reviews are as follows:
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Pro

1) The magnetic field energy
has the same 1/R dependence as
the gravitational field energy,

so once contraction starts, the

magnetic field can't stop it.

2) The collapse can proceed
along the field lines.

3) Plasma drift (relative to
neutrals) permits collapse.

4) Zeeman effect measurements
indicate quite low fields in
some clouds (e.g. Cas A, v=0,
Schwartz et al. 1986, Heiles
and Stevens 1986)

5) Clouds are supported by
turbulence, not magnetic
fields.

Contra

This is only true in the unrealistic
case of smooth, spherical symmetry.
In fact, as soon as tension develops
and the field lines become tangled,
it is possible for the magnetic
energy to dominate the dynamics.

Probably only true at densities

< 100 cm™3. Otherwise impossible,
as it would require collimation of
the collapse over 14 orders of
magnitude of scale size.

Only for densities > 106 cm™3

Magnetic energy can dominate for
cloud masses

R |2

B
M>Mcr v 103 M ZPTC)

© 30uG (
My = 10° M for R = 20 pc, B = 304G
(Mouschovias 1976, Shu, this
symposium) .

Interstellar polarization indicates
large-scale magnetic field patterns,
ruling out small-scale turbulence

as cloud support.

An interesting development is that torsional Alfven waves can spin up
cloud fragments as well as brake them (Mouschovias and Morton 1985).

Thus even at the more condensed phases of molecular clouds, magnetic

fields can hinder further contraction as well as aiding it.

Current observational data on magnetic fields (Fig. 2, Troland
and Heiles 1986) suggest magnetic field strengths of 10-20uGauss,
independent of cloud density, over the range 0.1 to 100 cm'3, consistent
perhaps with cloud contraction parallel to the local magnetic field
lines for this range of cloud densities. For the regime 102-10% cm_3,
the field appears to increase with density, consistent with predictions
(Mouschovias 1976), with large variations from cloud to cloud. Some
low-density clouds with supersonic turbulence, and which are not
gravitationally bound, appear to have very high fields (condensations
seen toward Cas A), while other, '"dense'" clouds have very low fields
(local molecular clouds seen toward Cas A, Heiles and Stevens 1986).
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Fig. 2 Observed magnetic field strengths in intersteilar clouds, as
a function of estimated number density of hydrogen (Troland
and Heiles 1986).

5) "Gravito-turbulence" or "star cloud turbulence'" has been discussed
by Fleck (1980, 1981, 1983), Henrickson and Turner (1984) and Larson
(1984, 1985). The idea is that an ensemble of clouds with a
gravitational correlation length, %, can "emit" a gravity tide to a
larger-scale ensemble with correlation length L, The smaller scale
ensemble spins down, the larger-scale ensemble spins up. Simulation of
three dimensional collapses (Larson 1978) show development of trailing
spiral features which transfer angular momentum outward, reminiscent of
calculations of galaxy-galaxy encounters. If this process transfers
constant 5ngu1ar momentum per unit time per unit volume, Py V
= L (vL) , then the expecta&ign is that the clouds will have

AV &~ L2 and M(cloud) ~ AV4
The observational results (Fig. 3), for a sample of cloud condensations
with no strong internal heat sources, give

o(km/s) = 0.8 R_ 0+5

pc
_ 1/4

and AV = 0.37 (M/M,)
where ¢ is the three-dimensional velocity ?}ipersion. Substituting the
velocity of sound, vg(km/s) = 0.2 (T/10 K) , one has for the minimum

Jeans' Mass
M/M = 0.26 (T/10 K)?2 (Turner 1984)
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Fig. 3 (upper, from Myers 1985): log-log plot of three-dimensional
velocity dispersion T vs. size of region, showing that velocity
dispersion varies approximately as L 3,

(lower, from Henrickson and Turner 1984): log-log plot of
internal velocity to the fourth power, on a scale & vs. the
mass of a cloud on that scale. The slope of the best-fit line
is unity.
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2. CORES

In the traditional view of opacity-limited fragmentation, clouds
could pass from the diffuse phase §<1093cm—3) through isothermal
contraction until a density of 10 cm ~ and thereafter continue
contracting adiabatically. The predicted limit was a minimum Jeans'
mass of 0.01 Mg. With modern data from molecular line astronomy, the
situation has changed. The empirical data of Fig. 3 suggest that the
minimum stellar mass will be of the order 0.1 Mgs and the fundamental
units in the hierarchy of collapse are recognised to be "cores"
observed in molecular clouds (Table 1). A new model by Falgarone and
Puget (1985) for the stability of cores takes proper account of the
ambient far-IR radiation observed in giant molecular clouds. In their
model, the condensations have a core-halo structure, with the ambient
far-IR field determining the core temperature, and the external UV
radiation determining the extent of the halo and the total mass. The
critical density is 10% cm™ 2, above which the gas and the dust are
thermally coupled, leading to the same structure for all models above
this density. The temperature of the core is about 15-20 K, even if
there is no internal source of heating. There is a temperature minimum
at the interface of the core and the halo. The predicted size of the
core is typically 0.05 to 0.1 pc.

A possible example of such a structure, in the low-mass case, is
that seen in rho Oph in 2-cm H,CO emission. The VLA observations
(Wadiak et al. 1985) indicate a mass of 1-4 M_, density 4 106 cm™
for a likely temperature of 20 K. Examples of high mass cores may be
the condensations seen in M17 in the radio continuum by Felli,
Churchwell and Massi (1984). In their interpretation, the condensations
on the VLA maps are neutral cores > 30 M_, ionized on the outside only.
They are otherwise distributed throughout the MI7 molecular cloud, and
only happen to be visible on radio continuum maps where they are "lit
up" by the UV radiation from the ionizing stars of the M17 HII region.

In one recent interpretation (Turner 1984) the mass spectrum of
cores has some fraction which are subsonic. These collapse to form
low-mass stars. Once low-mass star formation has started, more gas 1is
attracted into the region, to form more massive cores. Under the
influence of an external agent (a shock induced by the accretion
itself?, cloud-cloud collisions?), a massive core can collapse to
form the first massive star(s) in the region. These initial massive
stars can then produce further compressions by their protostellar
outflows, HII regions, main-sequence winds, and eventually by their
supernovae. The process then runs away, producing more and more massive
stars.

An alternative viewpoint (e.g. Elmegreen 1985), is that
star formation is purely stochastic, with the spectrum of stellar
masses simply corresponding to the probability spectrum of cloud
fragments, that is, the observational fact that massive stars tend to
be found associated with giant molecular clouds while low-mass clouds
tend to have only low-mass stars, may just reflect the probability
spectrum of fragmentation. For a Miller-Scalo initial mass function,
one expects about 500 stars of typical mass 0.6 Mg for every OB star
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of typical mass 23 M_. Hence molecular clouds of only 103 Mg would be
expected to use up nearly all their mass in producing the low-mass
part of the initial mass function, and one would have to sample a few
hundred such clouds to expect to find a single O-type star.

Further arguments in favor of this stochastic approach to star
formation are provided by Stahler (1985), who shows that the traditional
dating of open clusters like NGC 2264 and NGC 6530 by isochrones fitted
to the main sequence stars cannot be correct. The ages derived for
different mass ranges correspond exactly to the pre-main-sequence
contraction time, which cannot be correct, since the time scale is
determined by physical processes unrelated to those acting when a star
is on the main sequence. The reason why the traditional method is in-
valid is that the intrinsic dispersion in the main sequence part of the
cluster H-R diagrams is greater than the resolution provided by the
theoretical isochrones in this area. Hence the observation by Herbig
(1962) that massive stars form last in a cluster is not supported,
according to Stahler, by the isochrone analyses. It is only true in a
statistical sense, because the probability of formation of low mass stars
is simply much higher than that of high-mass stars. Regardless of these
two approaches, either that additional physics is required to produce
high mass stars, after low-mass stars are formed, or the statistical
interpretation, most authors agree that once high-mass stars form, they
heat their surroundings, and raise the minimum Jeans mass. The dependence
is estimated to be My v T2+8 (e.g. Silk 1977), where § is positive and
depends on grain properties. Formation of massive stars thus inhibits
low mass star formation, and this concept is the basis fotr the model
of Bi-modal star formation. These ideas were discussed by Mezger and
Smith (1977) and have been put in rigorous form by Glisten and Mezger
(1983). Observational evidence for bi-modality is summarized by Silk
(1986). Larson (1986) explores the implications of the model of Bi-modal
star formation in the context of a time-dependent initial mass function,
decaying exponentially with a time constant of 4 Gyear. In the model of
Gisten and Mezger, the massive stars form mainly (but not exclusively)
in the spiral arms of the Galaxy, where they inhibit formation of stars
less massive than 3 My (Larson takes 2 M, as the lower limit). Stars
of all masses (0.1 to 60 MG) form in the interarm regions.

The basic idea for the quantitative calculations of Giisten and
Mezger is that the observed rate of production of Lyman continuum
photons in a given region is directly proportional to the rate of
formation of massive stars in that region.

Niye = K g 1)
where Np,. is the Lyman contlnuum production rate, YoB is the star
formation rate for OB stars, and K is a constant

K= <N /1 M>qp (2)
where N , T and M the Lyman continuum rate, mean lifetime and mass for
an average OB star, where the weighting is taken over an initial mass
function (IMF). For example, for the Miller-Scalo IMF,

K = 3.2 1053 Photons/sec
' Mo /yT

In the model of Giisten and Mezger, the star formation rate for massive

https://doi.org/10.1017/50074180900095097 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900095097

102 D. DOWNES

stars is ia sa
Yo = VoB *+ ¥YoB (3)

summed over the interarm (ia) and spiral arm (sa) regions. Furthermore,
the star formation rate in the spiral arms, at galactic radius R, is
assumed to be proportional to the amount of molecular gas passing
through the spiral arms, napely

ysa = vyte (4)
where v is the difference between the rotational velocity Qp at
galactic radius R and the spiral pattern speed, Qp, normalised to
unity in the neighbourhood of the sun, i.e.,

- %0,
2o~
Hence, from (1), (3) and (4)
s NLXC 1
1a = —_—
v K 1+v (5a)
N
sa _ Lyc v
YoB = X 1+v (5b)

Equations (5a) and (5b) yield the star formation rates for massive
stars (masses 10-60 M,) from derived values of N . Star formation
rates for all other stellar mass ranges are obtalned by simply

scaling the values for OB stars by the corresponding areas under the
initial mass function. One may use three methods to derive the star
formation rates:

Method I: discrete radio sources: In this method, the observed flux
on the optically-thin part of the thermal radio continuum spectrum of
HII regions is used to derive Lyman continuum photon rates. The
distances of the HII regions are derived from the velocities of their
radio recombination lines. Application of the (bi-modal) initial mass
function gives the star formation rate for OB stars in HII regions.

A correction for the lifetime of HII regions (estimated from the ratio
of numbers of field OB stars to those in HII regions) gives the total
star formation rate.

Method II: Integral approach: The deconvolution of extended thermal
radio continuum flux, as a function of galactic longitude, gives the
Lyman continuum rate as a function of galactic radius. Application of
a bi-modal initial mass function then yields the star formation rate
vs. galactic radius. In this second method, Glisten and Mezger have
used current spiral arm models, to correct for the azimuthal asymmetry.
Method III: Infrared Radiation: To derive the star formation rate, it
is first necessary to decompose the infrared intensities from IRAS

and from balloon observations into contributions from various
components (Cox et al. 1986, Pajot et al. 1986 and Table 2).
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Table 2. Contributers to observed IR intensities (Cox et al. 1986)

Approx. Temp. of Type of emitters
Wavelength emitters

Range (um) (K)

2-30 250-450 grains in M-giant envelopes
5-30 - small grains (Sellgren 1984);

polycyclic aromatic hydro-
carbons (Puget et al. 1985)

20-800 30-40 dust heated by OB stars
30-1000 15-25 dust in HI clouds
50-1000 14 dust in molecular clouds

Cox et al. (1986) give simple analytic formulae to derive the Lyman
continuum rate from the observed Far-IR flux of the warm (30-40 K)
dust component.

These three methods yield satisfactory agreement on the star
formation rate. The results (Fig. 4) show that while massive stars
(mass range 10-60 M_, IMF-weighted typical mass = 23 My) form mainly
in spiral arms, a significant fraction of massive stars is formed in
the interarm region as well. For all stars (mass range 0.l to 60 M,
IMF-weighted typ1ca1 mass = 0.6 My) the production rate is greater 1n
the interarm region in the outer parts of the galaxy, but the inter-
arm and spiral arm production rates are comparable for galactic radius
<5 kpc. Table 5 gives a global summary of the star formation rates,
from the areas under the curves in Fig. 4.

Obviously the model of bi-modal star formation is only an
approximation to what is happening in the Galaxy, as the initial mass
function might vary from star cluster to cluster, and with galactic
age as well. It is nevertheless encouraging that a relatively simple
model explains a number of results. For example, since oxygen is
produced only by massive stars, its abundance in the Galaxy should
vary with the relative proportions of the spiral arm and interarm
production rates. In fact the model for b1-moda1 star formatlon is in
§ood agreement with the observed gradients of 160/H, He/H, 12c/13C and

80/170 as a function of galactic radius (Glisten and Mezger 1983,
Gisten 1986). The model also removes the previous inconsistency between
the derived star formation rates and the observed mass distribution
in the galactic disk. The mass distribution of the Galaxy is determined
by the component permanently locked up in stars (set mainly by the
low-mass, interarm mode of star formation) and in remnants, while the
recycling and enrichment of the interstellar matter is determined by
the high-mass, spiral-arm mode of star formation.

Larson (1986) points out that the IMF presented by Scalo (1985)
for nearby stars already has evidence for two peaks, and if the star
formation rate declines on a time scale which is of the order of 4 Gyr,
then the conclusion that the IMF is double-peaked becomes unavoidable.
Larson's model includes a bi-modal IMF and a star formation rate which
decreases exponentially with time. He concludes that the model of
bi-modal star formation can account for the unseen mass in the solar
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Table 3: Star Formation Rates derived from the Bi-Modal Model
of Gilisten and Mezger (1983) and a Miller-Scalo IMF

Category Region Range of Star formation
2<R<10 kpc Stellar Rate
Masses ]
™) M, /yr)
OB stars interarm 10-60 0.25
OB stars spiral arms 10-60 0.57
OB stars interarm + 10-60 0.82

spiral arm

all stars interarm 0.1-60 3.2
all stars spiral arms 3.0-60 2.1
all stars interarm + - 5.3

spiral arm

neighbourhood (as remnants of massive stars), age-metallicity relations,
without requiring gas infall into the galactic disk, and the colours of
the bluest galaxies, as being dominated by the high-mass mode. A further
inference is that young spiral galaxies must have been much more
luminous than present-day ones, producing almost exclusively massive
stars. Larson speculates that the dark matter in galactic halos may be
the remnants of early generations of massive stars.

Figure 5 (from Turner 1984) gives a summary of some of the ideas
reviewed here. In the context of Bi-modal star formation, the left
branch of Turner's diagram corresponds to the interarm mode, and to
permanent lock-up of matter in low-mass stars, which determine the
overall mass distribution in the Galaxy and thereby the galactic
rotation curve. The right-hand side of the Figure corresponds to the
formation of massive stars, and hence mainly to the spiral-arm
component of the bi-modal model, which determines the re-cycling and
metal enrichment of the interstellar medium.
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DISCUSSION FOLLOWING REVIEW BY DOWNES

KAHN: Cannot the support for the GMC's be provided by fast stellar
winds from the newly formed stars? A fast wind (say ~ 1000 km/s) will
not cool once it is shocked. The resulting bubble of hot gas can provide
support for a long time.

DOWNES: It does indeed seem plausible, as you show in your poster
presentation at this symposium.

STROM: In NGC 2264 and in Orion, each region contains not only O and B
stars, but stars as low in mass as 0.15 My. In NGC 2264, the shape of
the IMF, from 30 Mg tu 0.15 My is similar to the IMF inferred for the
solar neighborhood. Hence, it seems difficult to defend pictures of
bi-modal star formation which exclude formation of low-mass stars in
regions of high-mass star formation in all cases.

DOWNES: The examples you cite would be considered by the authors of the
bi-modal models to be cases of interarm star formation, in which the

mass range of the IMF extends from 0.1 to 60 Mg. Also, the IMFs of
individual clusters may vary from place to place within the Galaxy, from
the Galaxy to the Magellanic Clouds, and with galactic age. The model of
bi-modal star formation should be understood as a global description,
applying in a statistical sense to the Galaxy as a whole. Given that

it is a simplified description of what is really happening, it is
remarkable that the predictions of the bi-modal picture are so
successful.

STROM: In NGC 2264, one can compare the rate of star formation as a
function of time for low-mass stars only (i.e. stars which are all PMS
stars). Among this group, Adams, Strom and Strom (1983) show that the
lowest mass stars, in this sample, form first.
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DOWNES: Right. Noce that the critique of Stahler does not apply to
the mass range in your sample (0.2 to 0.5 My), but mainly to the mass
range falling within the main-sequence band.

MOUSCHOVIAS: You said at the beginning of your talk that the consensus
is that supersonic turbulence supports giant molecular clouds. I am
not sure what constitutes a consensus in this case because, as a number
of observers present at this meeting have been reporting, polarization
observations (both optical and infrared) show orderly magnetic field
structures in these clouds. If turbulence were so important, the
fields would be completely tangled and no polarization would be seen.

DOWNES: On the contrary, the consensus is against the type of
unreplenished supersonic turbulence of the type discussed in the
literature twenty years ago. The magnetic field may have a large-scale
ordered component as well as a smaller-scale, disordered component.

The question is, which is the dominant support against gravity, the
magnetic energy, or the kinetic energy of the disordered motions?

SHU: I would like to add to the point that Mouschovias raised. It
seems to me that one could accept all you say about bi-modal star
formation without necessarily accepting the rest oi the "consensus"
picture: In particular, I am puzzled by the claim that supersonic
turbulence has anythlng to do with the formation of low-mass stars,
since it seems to fly in the face of Myers' observation that the cores
which have not yet formed (low-mass) stars have linewidths which are
are 90 per cent thermal. How can the little residual "turbulence" in
such cores have much to do with the collapse dynamics?

DOWNES: The argument for "turbulent" support probably applies on the
larger scale lengths, that is, for the cloud complexes and for the
envelopes of the cores. However, the low-mass cores may form only when
this non-thermal support has largely dissipated. In the smaller-scale,
higher-density regime of the cores, the support against gravity is
provided by thermal pressure (as in the model by Falgarone and Puget),
rather than by the residual bulk motions.

https://doi.org/10.1017/50074180900095097 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900095097



