


























































































































































































































































































































































































































each sample will go on to form stars (ie are prestellar), and not be disturbed by external factors, like

supernovae or shocking.

6.5 Spectroscopic Observations

In chapter 4, I presented an observational study of cloud cores without stars, which had previously been
studied and detected in the submillimetre continuum. I observed the cores in a number of millimetre and
submillimetre spectral lines (mainly concentrating on C180) and the results were presented. I discussed
the methods used to reduce the observations, and the errors associated with the pointed observations and
maps. | investigated in detail what features in the maps should be interpreted as real, and presented a
method for setting contour levels which ensures that random features produced by noise are not displayed.
I also found (unsurprisingly) that there is a trade off between velocity resolution and signal to noise in

the maps.

Several of the cores were detected in C180(J=3—2) and mapped in C180(J=2—1). Only one core,
L1689B, was found to be particularly bright in the C180 transitions (perhaps because it is situated in
the relatively warm Ophiuchus cloud) and was mapped with enough signal to noise to allow a detailed
study. L1689B shows evidence of velocity structure but, perhaps surprisingly, there is no indication of

rotation - if anything the velocity structure is indicative of slow contraction.

6.6 Modelling L1689B

In chapter 5, I presented a model of L1689B and investigated what constraints the molecular observa-
tions and previously published continuum data (Andre et al 1996) put on the structure of L1689B. The
millimetre continuum appearance of the model was derived, and by comparison with the actual 1.3mm
appearance of L1689B I found that one could & the €mple singular isothermal sphere model of
L1689B. The continuum observations seem to predict that L1689B has too flat a density profile in its
inner regions to be consistent with the simple singular isothermal sphere. The C180 appearance of the
model was also investigated with the help of a radiative transfer code. Comparison of the model’s pre-
dictions with the C180 observations also confirmed that a simple singular isothermal sphere model for
L1689B is inappropriate. In order to predict the molecular appearance of L1689B, the model had to
have a flattened inner density profile , # either a temperature fall, a C180 abundance fall towards the

centre, or possibly some combination of the two.
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I found that in order to explain both the continuum and molecular appearance of L1689B simulta-
neously a temperature drop alone was inadequate; it was necessary to invoke a drop in C'®0 towards
the centre of L1689B. However, because of uncertainties in the details of gas/dust interactions and the
effect that freezing out of CO would have on the opacity of the dust, it was not possible to find a unique

solution describing L1689B. A number of models were found to be consistent with the data.

Two scenarios were therefore presented. One was a model in which the temperature in the centre
of the cores falls, and some C!®0 freezes out of the gas phase onto the dust grains. The other model
presented is isothermal but has an even steeper drop in C'®0 abundance. Both models were found to
predict the C*®Q appearance of L1689B. However it is difficult to decide which is more consistent with

the continuum data.

Both these models were found to have a Jeans mass below the actual mass observed for L1689B and
it’s surroundings. I found that for the model with a falling temperature in L1689B the centre is unstable
because of a lack of pressure gradients to support it against its own self gravity. Because of a short
free fall timescale, it is unlikely that this core would be observed unless it was supported by magnetic
fields. The envelope of L1689B, and the central region (if L1689B is isothermal), were found to become

susceptible to collapse if the envelope is less than about 13K.

Therefore 1 predict two possible mechanisms by which L1689B can be forming a star. One is the
loss of thermal support in the centre, due to a fall in central temperature. The other is an overall loss
of thermal support due to the whole core cooling below 13 K. Unfortunately the observations presented

were not capable of proving beyond doubt whether either situation is occurring.

6.7 Future Work

Three of the basic assumptions commonly made in models of of star formation are worth investigating
in the light of this thesis. Specifically they are the assumptions that cloud cores forming stars are 1)
isothermal, 2) ionized predominantly by cosmic rays, and 3) of homogeneous density structure (ie not
clumped on small scales). Assumption 3 is particularly important because it is implicit in many of the

conclusions reached in the second half of this work.

These assumptions can be tested in two ways. Firstly through new observational studies of cloud
cores, designed specifically to check the assumptions, and secondly by improving the methodologies used

to analyse the observations.
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A molecular study of a selected sample of cloud cores, in particular C'®0, an optically thin tracer of
column density, observed in various millimetre and submillimetre transitions, with telescopes like IRAM
and the JCMT, could be combined with millimetre observation of CS, a known volume density tracer.
The degeneracy which exists between molecular freezing out and falling temperature could then be lifted
by comparison with dust maps of the cores using the Sub Millimetre Bolometer Array (SCUBA) on the
JCMT, and detailed modelling of the relationship between CO abundances on dust mantles and the dust

opacity.

The code used in this work assumed homogeneous density distributions. Improving the code, allowing
modelling of cores with clumping, would help to check the effects of this assumption and is perhaps
achievable by introducing more than one population of gas within each volume element in the model or

(though numerically more demanding) by using Monte Carlo methods.

The prestellar lifetimes derived in chapter 3 were effectively based on the assumption that all cloud
cores experience a single burst of star formation, which forms stars from the same IMF, and that the
resultant YSOs evolve in the same way - ie have similar lifetimes, accretion rates, and luminosities.
The only way that this assumption can be tested is by making a detailed study of the YSO content of
more than one set of cores. A study of two of the sets of cores presented, both in the infrared and the
submillimetre could investigate the population of YSOs in each sample, by allowing a derivation of the
spectral indices, the luminosity function of the sets of YSOs and their spectral classifications (Andre et
al 1993). Such a study should allow a comparison of the typical masses and ages of YSOs in each set of
cores, and will verify or cast doubt on the assumptions made that different sets of cores with different

typical densities and physical conditions, lead to the formation of stars from a common IMF.

Two specific comparisons between the cores’ YSO populations are possible. Submillimetre continuum
observations preferentially detect young Class-0 objects; Infrared, the later Class Is and IIs. Any difference

in the fraction of early to late type YSOs between the two samples would be indicative of different star

formation histories in the two sets of cores.

In addition the typical luminosities of the YSOs could be compared. Higher luminosities are expected
either because of higher mass YSOs or higher accretion rates (Beichman et al 1986), hence a marked
difference in luminosity between the two sets of objects, will be a clear indication of either a different
IMF for the two samples, or a different YSO lifetime. This comparison is particularly dependent on an

accurate knowledge of the distance to the cores.

A subsample of the two catalogues produced by Wood et al (1992) and Myers et al (1983) would
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almost certainly be the best. Not only do they they differ in typical densities by a factor of 4, and differ
in the fraction of cores with young stellar objects, and hence the inferred prestellar timescale by a factor
of 2, but they are also associated with large molecular clouds which means the distances to the cores are
likely to be better known than for Bok globules, or medium opacity, isolated clouds. If no difference is
found in the two populations this will confirm the conclusions reached in chapter 3, if not it will reveal

a difference in the type of stars formed between the two sets of cloud cores.

In the last 100 years we have come to understand the nature of stars. How they form is however a
more complicated and diverse problem which has proved much more enduring. This thesis has examined

some small aspects of this problem, but much work remains to be done.
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