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Observing molecular cloud coresObse g o ecu a c oud co es

• Stars form inside cold (~10 K) dense (~104-106 cm-3) 
dusty ‘cores’ in molecular cloudsdusty cores  in molecular clouds

• These cores are highly obscured so need to observe in g y
mm or sub-mm regimes

• Continuum observations detect the dust emission

• Line observations (from gas phase molecules or ions)• Line observations (from gas phase molecules or ions) 
trace the gas and its dynamics
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Molecular Line ObservationsMolecular Line Observations

optically opaque – observed within 
alternative part of spectrum sub-mm oralternative part of spectrum, sub-mm or 
mm λ

[Left: http://www kasi re kr/english/e div/div

e.g. HCN J=1-0 @ 0.338mm
HCO+ J=1-0 @ 0.342mm

[Left: http://www.kasi.re.kr/english/e_div/div
02.Php and Right: www.paulruffle.com/...
/high/DSCN0041.600x600.jpg]
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H d C id dHydrogen Cyanide  ‐ advantages

Polar molecule
Hi h Ē di l  High Ē‐dipole moment
High molecular abundanceg
Lower rotational transitions  
are strong emitters in the are strong emitters in the 
sub‐mm
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H fi SHyperfine Structure
Shift d t l i t ti i l i l d l dShift due to complex interactions involving nucleus and e- cloud

[Y L Shirley A Quick and[Y. L. Shirley, A Quick and 
Dirty Guide to Astrophysical 
Molecular  Rotation 
Spectroscopy]

Nuclei beyond this point will have a clear hyperfine spectrumNuclei beyond this point will have a clear hyperfine spectrum
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Hydrogen Cyanide ‐disadvantages

HCN observations of 
sources  thwarted by sources  thwarted by 
anomalies
Non‐local/Local effects  
contribute to an 
overlapping of higher 
transitionstransitions
Study of mechanism left 
ddormant
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Anomalous Hyperfine Structureyp
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Optically thin LTE conditions Optically thin, LTE conditions  

J=1→0 R02 ~ 0.2
R12 ~ 0.6

J=3→2 R0-1  ~ 0.04
R0+1 ~ 0.04 0 1

Sohn et al. 2007 
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Hi h M HCN J 1 0 H fi A l iHigh Mass HCN J=1‐0 Hyperfine Analysis

Pirogov (1999)Pirogov (1999)
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7 individual positions 
towards G333towards G333 
Molecular Cloud 
(RCW 106)
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Results:Results:

• Low massLow mass
Cores spread 
out over
large region 

• Massive CoresMassive Cores
confined to 
smaller region
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Low Mass Cores:Low Mass Cores:

Investigated 
variation of thevariation of the 
degree of anomaly
with line-of-sight
d itdensity

NOTE:
R12 = R(I(F=1-1)/I(F=2-1))                             
R02 = R(I(F=0-1)/I(F=2-1))02 ( ( ) ( ))
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C l iConclusions

(i) HCN is highly useful molecule in tracing high 
density materialdensity material

(ii) High quadrupole moment results in large 
spacing between hyperfine components 

(iii) Anomalies devalue its potential in tracing high (iii) Anomalies devalue its potential in tracing high 
density material – need to quantify anomalies

(i ) Fi t  lt   h  th t th  i   d  (iv) First results show that there is correspondence 
of an increase in anomaly  with an increase in 
density
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F t AiFuture Aims

 Attempt to model fit the cores in 2 transitions:      
HCN (J=1 0) and HCN (J=3 2) using MOLLIEHCN (J=1‐0) and HCN (J=3‐2) using MOLLIE 
(MOLecular LIne Explorer), a 3D non‐LTE code

 Need to understand dynamics of cascade 

 Anticipating a similar study with Massive SF regionsAnticipating a similar study with Massive SF regions 
[G333.6‐0.2] – add project data to plot

l f h l d b f h h l Glean from the literature a database of the physical 
conditions for each starless core as well as candidate 
massive cores
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