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 Massive star forming regions are the dominant
roducers of stars in spiral galaxies (e.g. Lada &
ada 2003, Koenig & Leisawitz 2014

e Pillars and globules are ubiquitous and are the
tes of secondary star formation




Star formation in pillars

Spitzer . S . - :, -3 ; .
A, o L i ' e Distribution of recently
Protostars | RO o J t
e T Tauri stars ...' '., orme StarS SuggeS
Evolved disks ~ * L e ~ pillars may be part of
: el . larger, eroded, dense
i _° structure (Koenig et al.
.\ 2012).
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Triggering”

e O stars are clearly responsible for the formation
of pillars and globules but how?




Pre-existing structure Is dense

« Radiatively Driven Implosion of pre-existing dense clumps

e Qriginated in the work of Oort (1954) and Oort & Spitzer
(1955) on expanding HIl regions and the rocket effect:
neutral gas clouds propelled by expansion of ionized
surface layers

It seems indicated to seek the answer in the expan-
sional motions that, as we have just considered, must
be set up in the cold regions surrounding the ionized
nebula around a newly born O star (or group of O
stars). We do not know how these primary O stars
were formed; we have to accept this as a fact of obser-

vation. But it is tempting to think that, subsequently,
the strong compression in the surrounding cool
clouds will lead to the formation of new early-type
stars that then would share the outward motions that
the HII region has imposed upon these clouds. The
expansion of the associations of early-type stars would Oort (1954
in this way become understandable °). ort ( )




« Radiatively Driven Implosion

* Theoretical work by Sandford et al. (1982), Bertoldi
(1989), Letloch & Lazareff (1994) and others

* Stage
% Stage Il
* Stage 11

Nathan Smith
et al. (2010)




Detailed theoretical picture put
together by Letloch & Lazaretft
(1994)

Globule undergoes an initial
collapse phase for ~10° yr

Then oscillates, expanding and
re-contracting

Finally, in cometary phase cloud
loses mass until it disappears at
~3 Myr
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Theoretical imulation: Lefloch & Lazareff (1994)




Pre-existing structure Is weak

SCHEMATIC OB-MOLECULAR

CO”eCt and CO”aDSG CLOUD ASSOCIATION

Described by EImegreen & Lada
(1977)

T~8000K

Expanding HIl region bubble .
creates an ionization front, .
preceded by a shock front

Neutral gas accumulates and at
some point collapses




Given some turbulent
structure, Collect and
Collapse can produce pillars

Gritschneder et al. (2009,
2010) ‘collect and collapse
with turbulent seeds’ or
‘radiative round-up’

lonized low density regions
compress denser
surroundings

Pillars are corkscrew-like,
torgued and show rotation




CQO observations

Gahm et al. (20006) find a
signature of rotation in a
sample of 4 pillars observed

with 12CQO

Lines are single peaked,
widths ~1.1 to 3 km s-1

Appears inconsistent with RDI
predictions of broad or double
peaked line profiles

Can we confirm these results
with a surface gas tracer?

10”"%10”
‘'sampling

boteloY otatetl

0000

0000




The [CII] 158 um line

o Stratified Photo-Dissociation Region (PDR) models predict
that forbidden line C*+ emission at 158um is produced in
surface layers, typically where Ay < 2 (Wolfire et al. 1989)

* Provides complementary information to any molecular line
tracers of dense gas.

Orion PDR model:
Hollenbach &
Tielens (1997)




Cll] with SOFIA GREAT

 GREAT: modular dual-color heterodyne instrument for
igh-resolution tar-infrared spectroscopy

e The L2 receiver channel covers 1.8to 1.9 THz,
encompasses the [CIll] 158 um line
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Spitzer 3.6, 8, T TR
TRAS20306+4005

24 um composite ‘ \# Cyg n u S X

RA(2000)
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40°1000
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40°08'00"

RA(2000) _ Internal heating by
Globule [CII] 158 um outflow
~ | embedded sources?

20"38™00°

0.5 .pc

40°05'00" 40°086'00

40°04'00"

Rotation?

20"34™00° 55° 50° 45°

e Schneider et al. (2012)



Our sample

- G287.75




Our sample
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e Typical velocities:
* -14.7 km s~' G287.84-0.82, Vrwrm ~ 4.5 km s~

s D0l lans G287 U5-066 Vening - o7 lan s

e —35.6 km s~! W5 pillar (SFO 11E, Sugitani et al.
1991, , VFWHM ~ 1_
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