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Outline

Probing the multi-phase ISM
* Following the Galactic Carbon Trall

Southern Galactic Plane Carbon Surveys
* Mopra CO
* HEAT [CI]

The G328 Molecular Filament
* Linking the atomic and molecular media




Schematic of the multi-phase ISM
and Its diagnostic tracers
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Follow the Carbon Trail: Ct = C = CO




y e

115+110 GHz CO

s S, , €
.

Parkes + ATCA SGPS:
1.4 GHz HI

HEAT:
809 GHz [ClI]




Spectral Tracers

1.42 GHz SGPS
(Parkes + ATCA)

CO 2CO J=1-0 115 GHz Mopra
BCO J=1-0 110 GHz

[CI]] J=1-0 0.49 THz Nanten?2
[CI] J=2-1 0.81 THz HEAT / STO

[CIl] 1.90 THz HEAT / STO
J=3/2-1/2




G328 1°x1° 12CO + 13CO J=1-0

elocity: —110.68 km/s elocity: —110.64 km/s
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Molecular Mass Distribution at [=323°
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'HEAT at Ridge A

THz Astronomy in Antarctica
4,000m -50° to -90°C, 0.2 - 0.1Tmm ppt H,O

——

Special thanks to
Craig Kulesa &
Michael Ashley



Galactic Plane [CI] Survey
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61cm off-axis telescope, 492+810 GHz receiver, 1.5 GHz wide FFT
spectrometer, inside thin-film radome, fully robotic — serviced yearly!

THz observatory operating with just 150W of power! 50K receivers.

Drift scanning: any point on the sky is seen for only 5-15 seconds per day,
so tens of days of observations are needed to achieve desired SNR

Strip maps slicing through Galactic Plane from /=290° to 330°

2 arcmin spatial + 1 km/s spectral resolution.




G328: From atomic to molecular

Narrow, Quiescent (4 km/s wide: -76 to -80 km/s) filament
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G328 Filament

Quiescent:
v=-80 to -76 km/s
Burton et al.
No far-IR dust 2014
Ap. J.
No Star Formation g In press.

[C/CO] ~ 1

328.6 328.4

Galactic Longitude
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Normalised Flux

Spatial Cut
Across Filament
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Is Carbon more extended than CO?



Calculating Column Densities

kv,
Upper Level: N, =T,,AV Vor T —
A, l-e
N, g
Total Column: N =—=Q(T, )e " = (Boltzmann)
87

For HI emission: N, =1.8 x10"°T,,,AV cm™ (HI X - factor)
For HISA : N, =18x10"T, AV 1., cm”

Spin



HISA Column Densities

18 -2 -
N. =18x10°T. . AV T cm Sato & Fukui 1978,
H Spin HISA Gibson et al. 2000

(with To=0K)

T . P T;nterp Spin
HISA —
T + (p ) interp Spm
< //Tlnter \\\ - ‘//\ — i
5 P /
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-84 -82 -80 -78 —-76 —-74 -72 -70

Take TS =30K

For  Tgn= [20K, S0K] multiply Ny, by ~[0.5, 3] times

p is fraction of HI emission assumed to originate behind the filament

Take p=1 (pm/n_1 (TS mln)/ interp ~ 0. 6)
For p=2/3 then multiply Ny by ~3 times



Column Densities
and Abundances

100cm2 100%cm? 109cm? 10cm? 10°cm? Integrated From H, +
CO X-factor

0.005 0.003 50 / 2 0.5 ~8x107°




A PDR Moagel 10

Ay /.2 mags.
Pressure / k 20x 104K cm™3
G, (radiation field) 3 Habings
AV (Doppler Width) 2.4 km/s

¢ cosmic rays 2.0x 10165t
[C/H] abundance 1.6 x 104

N(H)

N(C*)
N(C)
N(CO)

| (12CO 1-0)
| (13CO 1-0)
| ([CI] 1-0)

| ([CI] 2-1)
Beam filing factor of ~0 | ([CII])
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Testing the Hyporhesis:
‘A coldiguieseentmole cular cloud

IN TAEYRIOEess ofifemnation”

Is there a “dark” molecular envelope [CIl] 1-0 Nanten2 @ 30"
to the molecular cloud? c.f. Mopra CO

How cold is ite [CI] 1-0 (Nanten2) / 2-1 (HEAT)
Where is all the carbon? [CII] with HEAT or STO-2
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