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James’ instructions:

Be fun;

Be fair & thorough;

Tell us why, how, when, by whom was 
science done; 

Tell us what was Phil thinking;

Do it quickly.
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Antiquity:

Molecular clouds, dense cores

Inside-out collapse

Dense cores host protostars (Beichman 
et al 1986)
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Antiquity: 16293-2422

1986: Walker et al

Infall from CS 2-1, 5-4 profiles

1987: Menten et al

Not really, just foreground 
absorption
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n = n0 , r ≤ r0

n = n0(r/r0)−2 , r > r0

v = v0(r/r0)−1/2 , r ≤ r1

v = 0 , r > r1

Walker et al 1986
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Menten et al 1987
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Phil’s Comment (1990s):   

Chris should have followed up that work. 

…    Zhou 1995:  TSC model fits 
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Ladd et al: Tbol    …   Chen et al 
Zhou et al: B335
Andre et al 1993: Class 0

Transition to the Middle Ages
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Zhou et al 1993: B335
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Andre et al 1993: VLA1623
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The middle ages:1990s
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Thesis idea:

Look for star-forming infall in   Nearby,   Isolated,   
Dense cores with   deeply Embedded protostars with 
no   Outflow contamination.

d < Orion
Tbol < 200K    
Large telescopes:    Haystack 37m;    IRAM 30m
High spectral resolution: 0.03 km/s
Dense gas tracers:    C3H2,    H2CO,    CS, ...
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Numerology

Myers-41:

Haystack proposal to be observed in Winter 2003-2004

Followed by Mardones-1, 2, 3, 4
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Myers41: Haystack 1994
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Effect of  resolution:

Wednesday, November 18, 2009



IRAM: 
September 1994

H2CO better than C3H2
N2H+ as thin

L1527 & L483 successes

Should do survey!
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IRAM: 
September 1994

Continued to look for 
suitable ways to 

detect/graph infall:

1. Even-Odd

2. Centroid Velocity
3. Linewidth

Rather OddOutflow-sensitive
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By the time Phil turned 50, I had tons of spectra to 
show him.
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Survey Results:

Gregersen et al 1997: Class 0 sources;    Tb/Tr

Mardones et al 1997: Class 0/I sources;    ! v

Tb/Tr

δv =
vthick − vthin

∆vthin

Least outflow-sensitive
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Survey Results:
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Survey Results:
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Survey Questions:

Spatial extent?

Clusters, more distant sources?

Pre-stellar cores?

Best models?

Transition to modern times?
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Q1:  Starless Cores?

• Diego: “used” starless cores for line shape/frequency 
checks
• Starless cores should have narrow Gaussian lines in 

all tracers 

• But stumbled across L1544 at Haystack  in C3H2

Phil:
Paola saw something similar.
Priscilla saw that years ago in CCS.

Wednesday, November 18, 2009



Benson’s CCS spectrum

Not in DCDC XI, probably spectrum from 100’
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Benson, Caselli, Myers 1998, DCDC XI
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Tafalla 1998: L1544
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L1544 in CS 2-1 and N2H+ 1-0
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Lee, Myers, Tafalla 1999
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Lee, Myers, Tafalla 2001
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Lee, Myers, Plume 2004
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Q1:  Starless Cores?

• Many show extended inward motions.

• First stage of Core formation rather than inside-out 
collapse.
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Q2: Spatial Extent of infall?
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Spatial Extent of infall:
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Spatial Extent of infall:
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NGC 1333-4

IRAM 30m data 
alone.
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NGC 1333-4

Di Francesco et al 2001:

with IRAM-PdB data,

Self-absorption against 
the continuum.
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NGC 1333-4

Choi et al 2004:
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Walsh, Bourke, Myers  
2006:
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Models?    

 Myers et al 1996

 De Vries & Myers 2005
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Models?    
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Other?  Stutz et al 2009
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Conclusions
 Spectral infall signatures are common in Starless 

Cores (33%), Class 0 sources (50%), Class I sources 
(25%), small clusters (10%) …

 Spatial extent is much beyond expected inside-out 
collapse models, related to core formation …

 Outflows generally don’t bother that much … (?)

 Detection of real gravitational inside-out infall is:

Affected by depletion ...

Awaiting for ALMA   ?
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