SOFIA-FORCAST/Herschel/Spitzerimages
- - .

The SOFIA Mid-Infrared
Giant HIl Region Survey:
Exploring the Largest
Massive Star-Forming
Regions of the Milky Way

James De Buizer
SOFIA-USRA

Wanggi Lim, Nicole Karnath, James Radomski,
Lars Bonne

SOFIA-USRA
& Mengyao Liu
Formerly U. Virginia

August 17, 2022




Molecular Cores
(10*-10° cm?3)

1 Myr

Evolution of a Giant Molecular Cloud



2 Myr

Compact HIl Region (R ~ 0.1pc)

Evolution of a Giant Molecular Cloud



3 Myr

Classical HIl Region (R ~ 1pc)

Evolution of a Giant Molecular Cloud



5 Myr Feedback-Induced
Star Formation

Champagne
Flow

Evolution of a Giant Molecular Cloud



10 Myr Giant HIl Regions (R ~ few-10 pc)
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“Pillars”

Evolution of a Giant Molecular Cloud
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A census has found 56 IR- bnght GHII regl
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M17

Lim, De Buizer, & Radomski (2020)
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Lim, De Buizer, & Radomski (2020)
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SOFIA enables best-ever resolution

MIR images of these regions at A>25um
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than space-based (i.e. background-limited)
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SOFIA observations are more like ground-based ;’ SOFIA 37 um
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SOFIA enables best-ever resolution

MIR images of these regions at A>25um
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SOFIA enables best-ever resolution
MIR images of these regions at A>25um
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SOFIA observations are more like ground-based '
than space-based (i.e. background-limited)
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SOFIA 37 um
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W51A: G49.5-0.4 &
W51A: G49.4-0.3
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W49A

De Buizer et al. (2021) - .

d =11.1 kpc (Zhang+ 2013)
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Goal #1:
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SOFIA 6pum, 19um, 37um
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MYSO population study
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Lim, De Buizer, & Radomski (2020)



SED fitting using Zhang and Tan (2011) MYSO models

vF, (ergs s em™)
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W51A IRS1/#9 MYSO]|

100

A (um)
Total # MYSOs #Non-ionizing MYSOs Most Massive
W51A: G49.5-0.4 34 16 96 My,
W51A: G49.4-0.3 7 4 64 M,
M17 7 5 64 Mgyn
W49A 22 4 128 Mg,
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'Evolutionary Indicators:
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Virial Parameter (o )
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W51A: G49.5-0.4
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Virial Parameter (oy; )
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Evolutionary Hypotheses for W49A:

1. Conti & Blum 2002: star formation started
from the periphery then moved to the
central region

2. Peng+ 2010: star formation in the center
triggered sequential star formation on the
exterior

3. Mufson & Liszt 1977: global star formation
throughout W49A initiated due to a cloud-
cloud collision along line of sight

l(De Pree+ 1997)
15%
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Virial Parameter (coty;,)
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Conti & Blum 2002: star formation started from the periphery
then moved to the central region
Peng+ 2010: star formation in the center triggered sequential
star formation on the exterior
Mufson & Liszt 1977: global star formation throughout W49A
initiated due to a cloud-cloud collision along line of sight
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Virial Parameter (cty;,)
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Conti & Blum 2002: star formation started from the periphery
then moved to the central region
Peng+ 2010: star formation in the center triggered sequential
star formation on the exterior
Mufson & Liszt 1977: global star formation throughout W49A
initiated due to a cloud-cloud collision along line of sight
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Surveying the Giant HIl Regions of the Milky Way
with SOFIA:

. W51A
1. M17
[, WASA

V. Sgr D, W42, and a Reassessment of the Giant
HIl Region Census
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. . Original Distance = 8.0 kpc (assumed to be a GC source)
, » Original log(N,,c) = 50.52 photons/s
»
» . »
. 9 New Distance = 2.36 kpc (maser parallax; Reid+ 2009)
. 3 5 b ) New Iog(NLyc) =
'y
» " »
»
. 0 Orion Nebula: log(Ny,c) = 49.47 photon/s (Inoue+ 2001)
SOFIA 20 ym SOFIA 37 um spitzer 3 um

De Buizer+ (2022) =
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. ) Original Distance = 11.5 kpc (kinematic far distance)
Original log(N,,¢c) = 50.93 photons/s

New Distance = 2.20 kpc (spectrophotometric; Blum+ 2000)
New log(Ny,c) =

" W42 #1 (06.5 otar) 1 . ®
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: 33pc e
oc -, Orion Nebula: log(N,,c) = 49.47 photon/s (Inoue+ 2001)
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. ) Original Distance = 11.5 kpc (kinematic far distance)
Original log(N,,¢c) = 50.93 photons/s
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We fOund UpdatEd dlstances to a” regions New Locations of Crowther & Conti Census Sources
Tabulated the most precise distances (maser/GAIA
parallax, spectrophotometric)

or

Tabulated the most precise line velocity
(kinematic)

Kinematic Distances:

o Used HI absorption studies to resolve distance
ambiguities

o employed Monte Carlo kinematic distance method
of Wenger+ (2018) on all sources

o used the Reid et al. (2014) rotation curve and
Lkad)ated solar motion parameters (R;-=8.34+/-0.16

pC

We also found updated T, to most regions

We then recalculated N, for all regions

45



New Locations of Crowther & Conti Census Sources

25% (14/56) are not GHII regions 0
(i.e., N,c<10°° photons/s)

5
20% (11/56) have measurement errors that
could place them below the Nj,=10-° < o
photons/s cut-off
-5
The census of Milky Way GHII regions is 16

down to 42 (or less) sources
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W51A: G49.5-0.4
W51A: G49.4-0.3
M17

WA49A

SgrD

W42

# of Compact
Sources

37
10
16
24
3
2

VS.

# of Sub-
Regions

10
5
4

15

" NOT GIANT*

% Overall Flux in
Brightest Peak

20%
15%
5%
25%
85%
50%

Most Massive
YSO

96 Mgy,
64 Mgy
64 Mg,
128 Mgy
16 Mgy
32 Mgy

- GIANT

- NOT GIANT
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g ’-MYSO populatlon and evqutlonary status

;t

© We have reassessed the GHI‘I reglon census and flnd 25%

.. 'SOFIA is being used to understand the present

'_ W51A G49 ) 4 and W49A have more

.Conelusmns Rty

of IVIllky Way GHII reglons .

vigorous I\/IYSO formatlon presently than '_;'. .'.- g
M17 and W5IA: G494 03 o

W51A G49 5- O 4 dlsplays a Iarge spread in sub reglon
evqutlonary state, whereas W49A does not 5

. . D 5

f eglons

Sgr D and W42 are not GHII reglons based upon Lyman contjnu qu but aIso

have IR observatlonal characterlstlcs d|st|nct from those of bona flde GHII regldns i



Project Status
Four papers published so far, covering 4 GHIl regions and 2 Hll regions
To be submitted by end of fall: Paper 5 on GHIl regions DR7& K3-50

Have data for 6 more GHII regions (additional 4 papers)

- Have FORCAST data for 4 sources that are now known to be too
close to be GHIl regions

Data obtained for 14 of original list of 56 (18 from all FORCAST programs),
for a total of 12 of 42 bona fide GHII regions or candidates .



