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Motivation “Bipolar Flows”

“Shells” HOMEWRECKERS?

cf. Matzner & McKee...; Nakamura & Li 2007

cf. Quillen et al. 2005; Churchwell et al....; Beaumont & Williams 2009
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20 cm VLA from MAGPIS (Helfand et al. 2006) & MIR from Spitzer GLIMPSE (see Churchwell et al.)
3.6, 4.5, 8.0, 20cm (Luptonized, see Lupton et al. 2004)

image “height” is 1.6 degrees (e.g. 140 pc at 5 kpc)

radio SNR

warm dust cold dust

HII regions(+SNR)

Massive Star-
Forming Regions

What Stars can do to the ISM



Evolution of an HII Region in a Turbulent Medium

from S.J. Arthur 2007

back mid-plane front

80,000 yr

209,000 yr

black =105 cm-3

white = 10 cm-3

black = 0 K
white = 104 K



M17
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This is not real...but it could be.

Synthetic [OIII], H and [NII] emission-line image from a 5123 numerical simulation: Mellema, Henney, Arthur & Vàzquez-Semadeni 2009



IMF O:B:A:F populations would be: 1:50:300:750.

Field O:B:A:F populations: 1:4e3:2e4:1e5.

HII Regions

Shells
Cloud

Is it only O stars & HII regions that “matter”?



see Schnee, Ridge, Goodman & Li 2005.

2 pc

-Oph is a B*
(and it’s NOT in the “-Oph” Cluster!)

Dust TemperatureColumn Density

“-Oph”
Cluster

B star
-Oph

B star
-Oph



Ionized Gas in the Ophiuchus Smoke Shell
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Perseus



What B* HD 278942 Does to Perseus
Total Dust Column Density (0 to 15 mag AV) 

(Based on 60/100 microns)

Dust Column Temperature (25 to 45 K)
(Based on 60/100 microns)

* *

see Ridge et al. 2006a,b; Schnee et al. 2007, 2008; Shetty et al. 2010 cf. c2d Spitzer images Rebull et al. 2007.
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Cold Molecular Cloud, Warm Shell

Note: see Shetty et al. 2010 for “column temperature” discussion

Column 
Density

Column 
Temperature
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Shell is “behind,” but touching, Perseus Molecular Cloud

*
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Column 
Density

Column 
Temperature

Overlays from Ridge et al. 2006, 
showing polarizaiton (magnetic 
field?) deeply influenced by shell

13CO Dust 

“What about Magnetic Fields?”
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And, the shell effects CO/dust ratio too...



mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al. in prep.)

Optical image (Barnard 1927)

Perseus



AstronomicalMedicine@

3D Viz made with VolView

Perseus



“Bipolar Flows”



Bipolar Outflows in Perseus



“CPOCs”
COMPLETE Perseus 
Outflow Candidates
Note: I did not make up that name!



“CPOCs”



Perseus
Bipolar
Outflows 
Arce et al. 2010a

Bottom line 
local influence significant, 

not.HOMEWRECKERS

Typically 20% binding energy in flows.



100 M
  km

 s -1

10 4 M
  km

 s -1

1 M
  km

 s -1

10 6 M
  km

 s -1
grey boxes mark lines of constant 
“momentum,” as labeled

Per

Properties of Molecular Clouds 
as 
“Equivalent Momentum” 
(using Larson 1981)

(indiv.) b
ipolar fl

ows

Roughly true statement
Simulations show that ~kinetic energy 
observed must be injected every 
crossing time to maintain turbulence.
For reference: crossing time ~ 10 pc/2 km s-1=5 Myr; 
“flow time”=0.05 Myr, so 
flows per crossing time= 5Myr/0.05Myr =100
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Curtis et al. (today’s astro-ph) is nice 
targeted study (not a full census) 



“Shells”



Perseus Outflows & Shells

Red Shifted CPOCs

Blue Shifted CPOCs

HH Objects

IRAS Sources

Known Outflow Sources

New outflows

Known outflows

Outflow extensions

~60 CPOCS
~10 shells

Arce et al. 2010 a,b

Many small known outflows
“Shells”



AstronomicalMedicine@

3D Viz made with VolView

Perseus



 Perseus Shells in 13CO
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NGC1333-SW
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~1.5 pc~4.5 pc

~0.3 pc

Perseus Shells in Spitzer MIPS 24 µm
(Images from Spitzer c2d: Rebull et al. 2007)

IC348

IRAS 03382+3145

HD278942

DR-B1 Shell



“Cinema Arce”

B5 IRAS 03382+3145



Mass 1600 M

mass has been multiplied by 2.5 to estimate opacity correction (full correction coming soon!)
also, IC348/Omicron Per HII region is not included, yet

B5-IRS4
IC348 Shells
IRAS03390+3158
IRAS03382+3145
HD278942
DR-B1 Shell
NGC1333-SW
NGC1333-NWMomentum

Energy 1.6 x 1047 erg

4500 M km s-1

Shells in Perseus

10x momentum & energy 
of bipolar flows (now) 



Perseus
OBSERVED Momemtum in Shells is ~10x more than in bipolar flows...  

For reference: the shell surrounding B-star HD 278942 (G159.6-18.5; Ridge et al. 2006) is found to 
have a momentum of approximately 1400 M km s-1 and 5 x 1046 ergs of energy. 

Arce et al. 2010a,b

(all x 2.5) 

16 x 1046 erg

Shells

1600 M
4500 M km s-1

“Bipolar” Flows

1.8 x 1046 erg
420 M km s-1

130 M
x10=



HOMEWRECKERS?
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Note theory gives ~10 to 1000 M km s-1 per B-star wind.

all current shells
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hells

Are “upshifts” needed or correct?



Let’s think about the basics...

To calculate “work” done by flows, we need 
work = (force * distance) [ergs = gm cm2 s-2]

force of flow = (momentum/time)  [gm cm s-2]

instantaneous momentum = mass * velocity  [gm cm s-1]

mechanical luminosity= “kinetic energy”/time [erg s-1]

Note that work has units of energy but is not necessarily = (1/2) mv2.

(Underlined quantities are “measured”...others are “derived” or estimated.)

For a nice analytic treatment, see Matzner 2007.



How much do (spherical) winds matter more generally?

Why should we even think about this? 
(Perseus HD 278942 example Ridge et 
al. 2006;  Arce, Borkin, Pineda, Goodman 
2010a,b)

What energy/momentum would 
be needed to drive “turbulence”? 
(Larson plot, analytic ideas, simulations)

How many (B) stars are available 
in “relevant” volumes?
(Sharma Catlog)

What could/do (B) stars do?
(Valverde Thesis)

Where, exactly are stars with winds, 
and when (for how long)?
(very hard to deduce from observations!)

What is net effect of stellar winds in 
context to e.g. bipolar outflows, HII 
regions?
(HII regions>> shells >= bipolar outflows)

What are the biggest uncertainties 
in this story?
(“net” momentum/energy deposition for 
various stellar types, space-time-
evolution of winds)



Differential Diagnosis
‣ Spitzer Data suggests shells 

in massive SFRs (...but see 
Beaumont & Williams 2009); 
COMPLETE data suggests 
several shells in wimpier 
locales

‣ Theorists suggest spherical 
“mass-loaded winds” from 
massive stars don’t matter, b/c 
radiation is dominant.

‣ Length & time scales 
effected by shells may be 
different (larger & longer) 
than for bipolar outflows.  

‣ Recent numerical work by 
Wang et al., Nakamura & Li, 
makes outflows look better 
(more effective) than 
Perseus data do (Arce et al. 
2010).  Why?

‣ Time/spatial scales + 
coupling are not well-known.

‣ We need a way to learn patient 
histories, as “all patients 
lie.”



13CO is in the 
“middle”

12CO is at the 
“edges”



Extra Slides from 
Ringberg 2010



Sanjana Sharma’s new Catalog (10,000 B-stars w/in 600 pc) 
+

Lawrence Valverde’s Harvard Senior Thesis
(theoretical/observational comparison for B-stars like 

HD278942)

Preliminary Conclusion: 
Plausible that B-stars (and maybe less massive stars too!?) make 

key contribution where they are most massive stars around.  
Goodman et al. 2011



For various conditions, we need to estimate:
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Bipolar Flows “Shells” HII Regions
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on 10 pc 
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etc...



IRAC and MIPS composite image from Spitzer Space Telescope website:
Color image made with:   4.5 m (blue);   8.0 m (green); 24 m (red).

Color circles show position of shells shown in SnapZ movie. Note that the circles are included just to show the 
approximate positions of the shells (the size of the circle does not mean anything). The shells shown with the red
and the blue circles were discovered using the Spitzer imgaes (and are a bit hard to see in the 12CO channel maps. 
The yellow circle denotes a shell that was found in the 12CO channel maps, but it is not seen in the Spitzer images .



Where do shells go on 
Larson’s diagram?

*...but, see Beaumont & Williams 2009

HST view of NGC 604 in M33 (1 Mpc away)



B 
Star 
Shells 

Molecular 
Clouds

?



World Wide Telescope

B Stars in Orion’s Belt
OB Associations in Orion





How much 
energy/time?
How many 
stars?

What is 
geometric 
overlap? 
(deposition)

Energy transfer 
efficiency? 
(hardest part?)

Duration of 
interaction?





ff = 0.008

ff
N  VS

Vspace
≈ 5.3x10-5



Volume of B Star Shells

Volume of Molecular Clouds
≈0.8



AG Comments: Differentiating between (near-star) effects of 
mass-loaded wind, and ultimate effects of (far-from-star) net 
momentum (mass-loaded + radiation-driven expanding heated 
shell) is hard... needs simulations....



Summary of Momentum Ranges for HD 278942Summary of Momentum Ranges for HD 278942Summary of Momentum Ranges for HD 278942

Method Lower Bound
(MA km s-1)

Upper Bound
(MA km s-1)

11 1100

10 300

Observation 500500



Momentum from 
Mass-Loaded Winds

~10 – 500 MA km/s

B Star Shell and 
Molecular Cloud 
Overlap

~5x10-5 – 0.8

Impact of B Star Shells per 
Molecular Cloud



Momentum from 
Mass-Loaded Winds

~10 – 500 MA km/s

B Star Shell and 
Molecular Cloud 
Overlap

~5x10-5 – 0.8

Impact of B Star Shells per 
Molecular Cloud
~5x10-4 – 400 MA km/s 



How Influential?

Relative 
Number

“Typical” 
Mass

Spectral 
Type

Wind 
Energy

Kinetic 
Energy

Lifetime
(Myr)

1 20 0 6

50 4 B 300

300 1.8 A 2000

750 1.2 F ~10,000

>1500 0.9 G-K-M >10,000



150 pc at 2 kpc

M17



Perseus (Valverde Slide!)
Results of Ridge et al. 2006


