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ABSTRACT

Recent observations with the 30-m telescope indicate the presence of
high density CS gas towards all eleven ultracompact (UC) HII regions
observed. We propose to map these regions and obtain estimates for
their mass which can then be compared with the mass of the star re-
sponsible for exciting the UC HII region. The kinematics of the CS gas
in these regions are also of interest for theories of star formation.

1 Scientific Background

Our program to study molecular lines toward UC HII regions was initiated in Dec.88.
The basic goals of the first phase of this program were achieved. Essentially all the
UC HII regions examined in CS(2-1) and CS(5-4) showed strong emission and 8
out of the 12 regions examined were also detected in CH3CN. Table 1 gives a brief
summary of the CS results. We were also able to make cuts in CS(5-4) through
several sources, a sample of which is shown in figure 1. One sees that the CS
emission appears typically to be very compact (< 30", in all 3 sources where offset
measurements were made) and centred on or close to the UC HII region. This
suggests that the ionized gas is formed out of or associated with a neutral gas
clump with size of order 0.5 pc and mass perhaps a few thousand solar masses. It
would be of considerable interest both to verify this and to examine the kinematic
behaviour of such clumps. On the one hand, the relative velocity of neutral and
ionized gas is of considerable importance to people studying the evolution of UC
HII regions. On the other, we would like to obtain estimates or limits upon the
angular momentum in the neutral condensation.

To obtain such estimates, it seems necessary to obtain reliable two dimensional
maps of the CS(5-4) emission and a good estimate of the hydrogen number density.
This latter aim is best achieved by way of C*!S measurements since we expect the
main isotopic species to be optically thick. We therefore propose to obtain fully
sampled maps in CS(5-4) of the region surrounding the continuum sources listed in
table 1 followed by C*'S measurements in the 5-4, 3-2 and 2-1 transitions at the
point of peak intensity.
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2 time estimate

We would like to map regions 1 arc minute square with half-beam (6”) sampling
around the positions given in table 1. We intend to map with 20 sec. integration per
point and accounting for reference position time and telescope travel believe that a
complete coverage should be possible in 1 hour. We intend to make two coverages
per source and intersperse the spectral line mapping with pointing. For an effective
600 K system temperature, we should reach an %NFS noise of order 0.15 K (1 MHz
filters) which should suffice to produce adequate maps. The total time required per
source is then 2.5 hours (including pointing) and for 11 sources, this implies a time
requirement of 30 hours including an overhead for set-up and calibration.

For the C**S measurements, we would like to approach an RMS noise of 20 mK
and this should be attainable after 30 minutes of integration. Hence for 11 sources,
we require 5.5 hours or of order 8 hours after time for pointing and calibration have
been taken into account. Hence our total time requirement for this project is 38
hours in the LST range 15-23 hours.
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September 17, 1990

ABSTRACT

We wish to use the Plateau de Bure Interferometer to determine the phys-
ical parameters of some very dense cores in several selected regions of high
mass star formation.
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1 SCIENTIFIC JUSTIFICATION
1 Scientific Justification

A fundamental goal of star formation research is to determine the physical parameters
of the high density clumps (n(Hz);10°cm=?) which we presume to represent the region
from which will emerge the next stellar generation. It turns out that such high
density clumps are found immediately adjacent to compact HII regions and other
tracers of high mass star formation. Also, some of the clumps harbor luminous but
highly obscured infrared sources which have not yet managed to break away from
the surrounding material. This makes it unclear what the precise evolutionary state
of of these condensations is. However, it is clear that reliable determinations of the
density, temperature, and mass of these clumps are needed in order to decide, for
example, what fraction of the material has already formed stars.

We have found on the basis of our 30-m studies that C**S and CH3;0H are useful
density indicators while CH3CN due to it’s symmetric top characteristics, is a useful
temperature tracer. The quadruplet of CHzOH(2x-14) at 96 GHz is a suitable tracer
of densities in the range 10* — 107 (see Menten et al. 1988 Astr.Ap. 198, ),
while a comparison witi torsionally excited CH3OH provides a measure of radiative
excitation by emission of hot dust (these transitions are thought to be excited by 50
micron photons).

ing a combination of the Caltech 10-m and the 30-m, one of us (RG) has
obtained CH3CN and C*'S data in the J=2-1,3-2,5-4, and 7-6 transitions towards a
sample of roughly 10 ultra-compact H1l regions and IR sources. In a separate program
together with Ed Churchwell, two others of us (RC and CMW) have been studying
CS,C¥S | and CH3CN towards a physically rather similar sample. KMM, CMW,
TLW and CH have observed the CH3OH(24-1x) quadruplet towards a number of
prominent Hll-regions and IR sources. These investigations indicate that the optically
thin C*4S lines depict the extremely compact high density ( 10°¢m™*) molecular
clumps close to the compact HII region or IR source. Typically, the diameter of
such a region is a few 10'® to 10'7 ¢m, and the mass of order 10-100 Mg. CH3CN
and (‘113511 ,which are predominantly excited by collisions, are sensitive for precisely
these high density regions seen in C*'S. The CH3CN data, though less extensive,
suggest that in most cases, there is also an associated “hot core” with size below 10'7
cm and mass roughly 10Mg. The temperature in such regions can be as high as 200
K.

Further studies of such regions clearly require higher angular resolution. This in
the first place is necessary to determine where the high density regions seen in C*'S
and CH3CN are positioned relative to the compact H%I regions and IR sources which
act as tracers for the newly formed stars. In some recent models of UCHII regions
for example (MacLow et al. 1990, ApJ in press), it is postulated that the newly
formed massive stars move at velocities of several kms™! relative to the molecular
gas. They will thus emerge from their mother clump on relatively short timescales and
the angular separation of clump and star may give a statistical limit on the age of the
IR object. Measurements with an interferometer have the particular advantage that
the separation between the compact HII region and the molecular clump is directly
determined. Moreover, the torsionally excited methanol CH3OH(6,-5;;v¢=1) line will
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TABLE 1

Source List

Source R.A.(1950) Dec.(19¢ VLSR
44

W3(OH) 17.0 61 38 5:

Orion-KL 15.3 05 26 02 8

NGC2024 0: 39 13 -01 57 00 10
G31.41+0.31 1844 59.3 -01 16 04.3 96
G34.26+0.15 18 50 46.14 01 11 12.2 58

3 Technical Requirements

Array Configuration. The sources proposed to synthesize are compact with esti
mated sizes of at most 5-8”. Thus we ask for the high resolution configuration (BC)
providing synthesized beams of 2 x 3.5 (DEC: 0°) and ~2” (DEC: 60°), respectively.

Frequency Setup. Setup #1 (RESTF: 96530 MHz - SPECTRAL: 40 250 LSB
550 USB ) covers C*1§(2-1), the CH30H(2-1) quadruplet and torsionally excited
CH30H(65-50;v¢=1) simultaneously. (see fig.2)

Setup #2 (RESTF: 92152 MHz - SPECTRAL: 40 450 USB 550 LSB. see fig.2)
allows measurements of CH3CN(5-4), H4la and HCO*(1-0) simultaneously. This
will provide as "byproducts’ maps of the ionized material (to be compared with radio
continuum and submm dust maps) and of the distribution of dense molecular gas in
an optically thick transition (self-absorption, inflow /outflow of envelope).

The spectral correlator setup with 40 MHz/64 channels for each of the two IF
bands provides a spectral resolution of 1.95 km/s, that is appropriate for the ex-
pected linewidths of ~3 (Ori-B) to 8 km/s (G31/G34). The broad-band continuum
correlator will be operated in parallel.

Source Coverage. Fig.3. visualizes the continuous LST coverage of the sources
which we propose to measure

(1) both G31.41 and G34.26 will be done in one duty cycle with 1749+096 as phase
calibrator

(2) NGC2024 (and Ori-KL for frequency setup #2) with 0458-020

(3) W30OH (with 0224+671) in between these sources.

General Constraints. The sun avoidance limit of 30° prohibits observations of
G31/G34 during December this year and the beginning of January "91.
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Unveiling star formation in giant filaments: dynamics and chemistry
Angular momentum in high-mass star-forming regions: Deciphering signatures of rotation
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Fragmentation and disk formation during high-mass star formation
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The structure of molecular clumps associated with high-mass YSOs
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A quest for high-mass star formation in two families of molecular clumps

A multiple/precessing jet in a high-mass young stellar object
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HCO as a precursor of glycolaldehyde
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PdBI’s evolution that made Riccardo’s science possible

outflows — resolution chemistry — bandwidth surveys — sensitivity

The main interest in observing IRAS 20126+4104 was to establish the “missing link”
between low- and high-mass star formation
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Abstract. The need for a large interferometer operating at (sub)millimeter wave-
lengths has lead to the Atacama Large Millimeter Array project. A brief review of
the characteristics of the instrument is given and a few applications to a selected
sample of astronomical problems are illustratad.

Key words. Interferometers — High angular resolution

1. Introduction

The technological developments obtained
in recent years have made possible the
construction of telescopes that can access
frequency ranges well beyond those tra-
ditionally used for radioastronomical ob-
servations. Instruments of this type, op-
erating at A < 1 cm, are single dish
telescopes such as e.g. the IRAM 30-
m antenna on Pico Veleta, the James
Clerk Maxwell Telescope (JCMT) and
the Caltech Submillimeter Observatory
(CSO) in Hawaii, and the Heinrich Hertz
Telescope on Mount Graham. In order to
achieve better angular resolution, interfer
ometers have also been constructed, among
which the IRAM array on Plateau de Bure
and that operated by the Owens Valley
Radio Observatory (OVRO). The problem
is that, unlike single dish telescopes, the in-
terferometers mentioned above can observe
only at millimpeter wavelengths: as a con-
sequence, present day observations cannot
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achieve large frequency coverage (down to
A < 1 mm) and good angular resolution
at the same time. The sole interferometer
planned to work at shorter wavelengths is
the Submillimeter Array (SMA), which has
just seen the first light on Mauna Kea. The
Atacama Large Millimeter Array (ALMA)
project is conceived to overcome all of these
problems as it will be a large sensitive inter-
ferometer operating at millimeter and sub-
millimeter wavelengths.

2. Importance of the (sub)millimeter
regime

In Sect. 6 we shall discuss possible appli-
cations of ALMA to a selection of astro-
nomical problems, which themselves jus-
tify the effort to perform observations in a
technologically challenging regime such as
the millimeter and sub-millimeter ranges.
However, it is worth stressing a few simple
reasons which demonstrate the importance
of (sub)millimeter astronomy.

The large majority of the rotational and
vibrational transitions of molecules happen
to fall at A < 1 em: as more than 1000 lines
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Fig. 8: Spectra of the dust emission from molecular cores
at a distance of 10 kpc with temperatures of 10 K and
masses as indicated beside each curve. The 3¢ sensitivity
of NOEMA, ALMA, SMA and the VLA assume an on-source
integration time of 5 hrs (adapted from Cesaroni 2008).

Together with the wealth of information from other wavelengths with similar angular
resolution and in particular with optical and NIR data, large samples of high angular
resolution millimeter wave observations will allow to study the formation process of
galactic bulges and therefore the origin of the stellar bulge black hole mass

Although many aspects of star
formation have been revealed
during the last years the basic
question about which conditions
have to be fulfilled in a specific
case in order to start the
individual star forming event
remains open. As a result
another key question, that of
how the «cloud conditions
transform into a stellar IMF
remains also without answer
even if some investigations
suggest similar mass spectrum
of clouds and stars.

The very cold cores which
precede star formation are very
particular objects were many
molecular species are frozen out
onto dust grains. This effect
drastically changes the
observable line spectra but also
the dust emission coefficient.
High angular resolution, high
sensitivity millimeter  wave
observations are required to

observe the faint emission of these pre-stellar cores (Fig. 8). Interferometry with
NOEMA will allow distinguishing different chemical and dynamical zones of the cores
on distances out to several kiloparsecs and therefore will be able to include high
| mass star forming regions. Interferometry will also be essential to investigate
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NOEMA's implementation of frequency cycling
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NOEMA's implementation of Dual-Band observations
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NOEMA roadmap to new capabilities

Regular science observations
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