
Lecture 5:  Molecular Cores
Observational Properties

Pipe Nebula, Yuri  Beletsky
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Extinction Mapping



Converting From Color Excess to 
Column Density



12CO and 13CO maps
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Thermal Emission

Solve for T and τν and use the following relationship to find NH:

Where α and β are empirically determined.

In optically thin limit (τν << 1):



Dense Cores and Globules

Dense Cores



• Dense cores are dense sub-regions in molecular 
clouds with densities > 104 cm-3

• Implied free fall time < 3x106 years
• Cores are often split into low and high mass cores.  

–Low mass cores with M < 10 Msun (forming individual 
stars or stellar systems)

–High mass cores with M > 10 Msun (forming clusters of 
stars)

• Starless cores: cores without evidence for embedded 
stars

• Pre-stellar cores: very dense (> 105 cm-3) starless 
cores that may be on the verge of collapse

• Protostellar cores: cores with protostars 8



BHR 71: A Dense Core with a 
Protostar

9Visible Light Visible and IR Light
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Dense 
Cores with 
Herschel

Stutz et al. 
2009
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Extinction map
Schmazl et al. 2010

Dark Clouds in Taurus



12Schmazl et al. 2010



Properties of Taurus Cores

13Schmazl et al. 2010

Text



Dense Cores in Ophiuchus
Extinction map made from 
background stars.

Submillimeter 850 micron 
measurements of thermal emission 
from cold dust.

Dense Cores

Cluster forming cores or clumps?
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1 - 2% of gas in dense cores

Dense cores are found in high extinction regions.
Contours are                 
AV = 2,4,6,8,10,15,20

Young et al. 2006
Ophiuchus Cloud



The Starless Globule B68
(a Bok globule - an isolated dense core)

Visible Light Infrared Light
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Lifetimes of Starless Cores

Roughly 75% of cores appear to be starless.

Assume that all starless cores form protostars
Assume that protostellar cores last 0.2 Myr
Assume all cores have the same lifetime

tcore= tstarless + tproto

tstarless/(tcore) = 0.75

tstarless = 0.75/0.25 tproto = 0.6 Myr



Statistics of Starless Cores

Ward-Thompson PPV



The Structure of Molecular Cores
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Theory to be addressed in next lecture



The Starless Globule B68
(a Bok globule - an isolated dense core)

Visible Light Infrared Light



A Perfect Bonner Ebert Sphere



Alves et al 2001, Ward Thompson et al.. 1999, Bacman et al. 2000



Numerical solutions:
Different starting ρo :
a family of solutions

Dullemond

Hydrostatic self-gravitating spheres

r-2

flat



Kinetic Temperatures inside 
Cores
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Kinetic Temperatures of Cores in the Perseus Cloud

26Schnee et al. 2009

Temperature 
measured from 
NH3
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Temperatures inside Cores

28
Schnee & Goodman: TMC-1



Tracing Dense Cores with Molecules: 
Chemistry in some of the coldest 

regions of the universe 
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Critical Densities and 
Abundances of Molecules

Critical densities
CO J =1-0     	

 700  cm-3

NH3       	

 2000 cm-3

CS J = 1-0  	

  20000 cm-3

CS J = 2-1   	

 300,000 cm-3

N2H+ J = 1-0 	

 200,000 cm-3

Abundances relative to H2

CO 	

 10-4	

 	

  NH3 
	

  10-7	

  	

    CS 
	

 10-8          	

 N2H
+ 	

 10-9
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Galli et al. 2002



Derivation of Sticking

Balanced by release 
by cosmic ray heating

Kcr = 9.8 x 10-15 s-1

A = 0.1 µm

A = 0.5 µm



Chemistry in the B68 Globule



Deuteration in Prestellar Cores



Chemical Structure of Starless Cores



Two Starless Cores
L1498 L1517B

Tafalla et al. 2004 A&A 416, 916



Detecting 
the centers 

of 
prestellar 

cores

Crapsi et 
al. 2005  

Lynds 694



Motions inside Cores
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Core Rotation Caselli et al. 2002 
ApJ 572, 238

N2H+ maps of dense 
cores

Gradients:

0.5-6 km s-1 pc-1

Rotation kinetic 
energy/gravitational 
energy  = 10-4 to 0.07



Massive Star Forming Cores

Massive star forming 
region



Turbulent 
Cluster Forming 
Cores or Cluster 
Forming Clumps

(Jjina)



Dense Cores
Extinction map made from 
background stars.

Submillimeter 850 micron 
measurements of thermal emission 
from cold dust.

Dense Cores

Cluster forming cores or clumps?



Cores in Clusters
(Cores within Cores)



Linewidth Velocity

Pre-stellar cores 
in clusters

Cluster forming 
cores



The B5 Core in Perseus



Islands of Coherence
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Cores as the Precursors of Stars
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The Pipe Molecular Cloud

Pipe Nebula, Yuri  Beletsky
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The Pipe Molecular 
Cloud



The Core Mass Function

50Alves et al. 2007



Bolocam Survey



Elongation of Cores



Core Sizes



Core Mass Functions 
Enoch



Summary
• Dense cores are < 1 pc, n(H2) > 104 cm-3 condensations 

found in molecular clouds
• Bok Globules are isolated dense cores
• Temperatures can go down to 8 K
• Masses range from 1-10 Msun in low mass star forming 

regions
• Cores with masses > 10 Msun may be forming clusters, 

may contain dense cores
• In low mass cores, linewidth may be thermal (islands of 

coherence)
• These low mass cores may be forming individual stars, 

follow IMF 55


