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Infrared-dark cloud:

(n.) Cold (T < 20K), dense (n ~104-5 cm-3) 
molecular cloud complex, ranging in size 
from 1-10 pc, containing an ensemble of 
objects in the early stages of clusters and 
(sometimes) massive stars





Pre-Herschel infrared view
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EPoS: Earliest Phases of Star formation

Henning et al. (2010)
Mcloud ~ 5000 Msun
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Point source extraction

(1) Independent source 
extraction in each PACS 
band: require detection in 
all 3 bands

(2) Construct SEDs
(3) Fit modified blackbody 

function (Tdust, M, L)

Results
★ 496 protostellar cores in 

full sample of 45 IRDCs
★ Size ~ 0.05 to 0.3pc
★ 65% have 24um 

counterparts
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Typical core SEDs



What does this flux trace?



Modeling
Radiative transfer testing relative impact of protostars and external heating

Scenario 1 Scenario 2
★ Internal heating source + 

ISRF heating
★ No internal heating source + 

ISRF heating

Conclusions Conclusions
★ Internal heating source 

(protostar) dominates SED

★ ISRF only marginally 
influences the SED at       
λ > 100 μm 

★ Starless cores require 
external heating by an 
amplified ISRF (>100x) to 
exhibit typical PACS SED

★ External heating won’t to 
produce 24um counterpart 
for a core

Black + Draine ISRFTransphere-1D (Dullemond)
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★ 24 μm detection requires presence of protostar
★ Presence/absence of 24 μm counterpart strongly 

depends on geometry
★ 70 μm detection can either be due to internal 

heating from a protostar or amplified external 
heating by ISRF (see Jørgensen+06, Nutter+09)



What does this flux trace?



What does this flux trace?

Dunham+08



What does this flux trace?



Core temperature distributions
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PACS color-color diagram
Color as a proxy of core dust temperature



PACS color-color diagram
Color as a proxy of core dust temperature



PACS color-color diagram
Color as a proxy of core dust temperature

★ PACS SED gives the conditions in cold outer parts of 
the core

★ 24 μm counterpart is definite signpost of protostar, 
warms core

★ 70 μm-dark cores good “starless core” candidates



Core formation efficiency



Core formation efficiency
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Av contours  ~ 8, 10, 20

IRDC environment

Av map courtesy of J. Kainulainen



Linz et al., in prep.

IRDC

~50pc

5pc

Filling factor is very small!



Linz et al., in prep.

Summary
★ Herschel reveals deeply embedded protostellar cores 

in a range of evolutionary stages in IRDCs
★ External heating by ISRF can play a role
★ IRDCs produce cores with ~10% efficiency
★ IRDCs live in environments with a huge reservoir of 

Av ~ few 
★ Pressure confined??
★ Filling factor must be quantified!


