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rom clouds
to cores




hundreds
the nebul
cxtended

R V. Herschel (17

.!_’]1'\1'.'.1' one to approacil nearer to us 5 than in other

. Trans. RSL

parts.  Nay, poffibly, there might originally be another very
large joining branch, which in time became feparated by the
condenfation of the ftars; and this may be the reafon of the
little remaining breadth of our fyftem in that very place: for
the nebul of the ftratum of the Coma are brighteft and moft
crowded juft oppofite our fituation, or in the pole of our fy{tem.
As foon as this idea was fuggefted, I tried alfo the oppofite pole,
where accordingly I have met with a great number of nebula,
though under a much more fcattered form.

An Opening in the beavens.

Some parts of our fyftem indced feem already to have fuf-
tained preater ravages of time than -others, if this way of ex-
prefling myfelf may be allowed; for inftance, in the body of
tlie Scorpion is an Op{’i:il]é’, “or hole, which is probably owing to
this caufe. Tfound it while T was gaging in the parallel from

112 to 114 degrees of north polar diftance. As I approached
the milky way, the pages had been gradually running, up from

ot r ey e avhion ol af o Do ddans  tliear Fall doien o sl
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MYERS Vol. 700

'f'.j'“Hub filament structures”
“P. Myers (2009) :

Figure 8. Ophiuch
showing the emb

ter and five tl|.lﬂ'h.ﬂ[
pe.
available in the online journal.)

Figure 1 shows a deep optical image of the reflection nebula
NGC 7023, situated in the hub of high extinction in L1174
{Lynds 1962; tvdavisastropics.com). The extinction extends
south in L1172 and can be seen for nearly 5 pc. as a single
filamentary lane with a small side branch to the east. This
hub w ith a single ﬁlamrnt resembles the “head—tail” structure




INTEGRAL-SHAPED FILAMENT IN ORION
Johnstone & Bally (1999)
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e Similar fractal dimensions

. maps (Scalo 1990)
. In high velocity clouds (Wakker 1990)
* Laboratory (Sreenivasan 1991)

 \WWhat Is the fractal dimension of cloud
PACS/SPIRE maps?



C‘lrir_ﬁn: B

£ JER
r._.'EHI_ -.'i T 1 _.I -

N

NGC7538
a 1.749

. |
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' |

2 0 2 4 4 2 0
log(M/Mg) log(M/Mg)

Williams et al. (1994)

Kramer et al. (1998)

« Automatic clump-finding algorithms
« Structure
* Histograms: power law with

« consistent with fractal analysis (EImegreen & Falgarone
1996)



ii“ '
Taurus : Lupus |
AN+ L star—forming star—forming

Kainulainen et al. (2009)

. probabillity distribution function (volume, col. density,...)
e |sothermal simulations:
« Kainulainen et al. (2009)

« 2MASS-derive extinction data for 23 clouds
. at high column density If cloud is star-forming
. -dominated regime?



Table1 Characteristic values of specific angular
momentum

Object J/M (cm? s71)

Molecular cloud (scale 1 pc) 108
Molecular cloud core (scale 0.1 pc) 102!
Binary (10* yr period) 4 x10%0-10%
Binary (10 yr period) 4 x1019-10%0
Binary (3 day period) 4 x10'8-1019
100 AU disk (1 Mg, central star) 4.5 x1020
T Tauri star (spin) 5 x107
Jupiter (orbit) 1020
Present Sun 103

Bodenheimer (1999)
Heiles & Katz (1976)

* Clouds of rotation, expansion
or infall

e Cloud specific angular momentum is orders of magnitude
larger than cores and stars



27 giant molecular clouds

Heyer & Brunt (2004)
log L{pc) '

. proportional to cloud size
e o(V)[km/s] =1.1 L(pc)°=#

e Reminiscent of turbulent motions



Pipg.Nebu

S-et all,

K g i e

R

Pereyra &

&

3 s i

e Often cases of polarization (and B field)
cloud axis

e Suggestive of contraction field lines




chus Cloud. - Gepdman—(1991)-

- oL .. T A =1
AT 4

B ) - ) I. -

L L R .

Goldsmith et al (2008)

pattern

Tiec, (1950)

W W |
“\\\'M L - Ka\ ;"\'\\_‘t‘ ° -
NN M\;}}f : parallel & perpendicular

whiskers

ILA. {1050)

* magnetized outer layers




10° 10° 107

Crutcher et al. (2010)

measurements (HI, OH, CN): field

 Bayesian analysis

“often to dominate star-formation process”



Young et al. (2006)

16"44™00" 16"40™00"° 16"36™00* 16"32™00° 16"28™00" 16"24™00" 16"20™00°

« Onlya (few %) of cloud gas becomes dense
core

* may explain low star-formation rate
* Need of ? (Johnstone et al. 2004)



M~ few Mo
e D~0.1pc
e T, ~10K

(NH,)

e N(H,) ~ few 10* cm™

. Taurus observations

» 50/50 star/starless
e Starless cores represent the

star formation

of (low-mass)

(666T) ‘e 10 eullir



d Barnard 68 K band

Ay = ryHK E(H - K)
Ay = fNy
Ny = (ry 1K 1) - E(H - K)

E-AK X .ﬂi'lr.rﬂ: |'~'IJI|_2—- .f'.lH2

ET»]ID 2 3 4E-ET.-t.|:|D

Radius (arcsec)

Flux (mJy/beam)

b L1544 1.2 mm continuum

1 X

For optically thin emission:
ly= kyp By{Tg)d!

by =m <kBy T4 =Ny

Ny = b [<mK,By(Tg) =11
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AU
5,000 10,000

Barnard 68
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Emax=6.910.2
1.5 2
Log (Radius/arcsec)

e Central

Singular isothermal sphere expected
n, =10°-10°cm= &r, = 5,000-10,000 AU

. (isothermal sphere) fits

true pressure-only equilibrium?

most cores not spherical



0.01 : - 0.01

Radius (pc) Radius (pc)

 Dust and gas can have

e set by between heating and cooling
» for densities > 10> cm=, dust and gas thermally



L1544 Colour Temperature Prafile o
a Dust temperature b Dust emissivity

NN
o N

1
1
1 1
1
1
1

(Z002) '1e 1° uosdwoy]-piep

Declination offset (arcmin)
Declination offset {arcmin)

o "

cloud 1 cloud

PRV (TS T NNPYRNT T S (ST N T S | 0 25 A -6 y 0 2
-4 2 D 2 L]

Offaet from cora cantre (arcmin) Right ascension offset (arcmin) Right ascension offset (arcmin)

e Indications of

e core vs cloud & internal in core
* consistent with expectation from
« Determination coupled with dust

e grain evolution by



Stamatellos et al. (2010)

|opow [02uaYydg

'$Q0 ‘uwnis |02dyds



o VLA data
s Effelsberg data
e SW 2001
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» Gas temperature determines
* Large-scale quasi-constant value of
 Central In L1544 consistent with models

 further studies urgently needed

o distribution may depend on gas
thermodynamic state (Japsen et al. 2005, Larson et al. 2005)



L1517B

cs(2-1)

Ad (arcsec)

k\n. - — 1 S ——— . 8 :
-50 100 50 0 -50 100 50

0 -50 100 50 O

e —

50 100

0 1 1
0 50 100

R (arcsec
 Abundance of molecules drops towards center

species seem to survive (NH, enhanced!)

onto cold dust grains

e Consistent with




9

Velocity sp (km s-1)

. of CO freeze out
. abundance enhanced

D Is passed down to other species

 Observed correlation between N,D*/N_H* and CO
depletion



. motions: traced with NH, and N_H*

. (P/P=(clo,)*>1)
. (break In Larson's relation)
. systematic inner pattern (no rotation)



A6 (arcsec)

Visg (km/s)

Aa (arcsec)

e Traced combining

« Evidence for

of inward motions
e subsonic (~ 0.1 km/s), extended (~0.1 pc)
e gravitational collapse? core forming motions?

e but reversals / differences between species

tracers
motions
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M/®(core)
Mean —— = 035+0.14

M/®(envelope)

Right Ascension (arcmin)

Study of 4 cores by

OH observations (Arecibo + GBT)

Compare ratio in core and envelope
Ambipolar diffusion models predict higher M/® in core

Observation finds

* magnetic field does not seem to control core formation



p Oph Pipe Nebula

1.5

~ __;SN//_\.m "
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1% ]
48}
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1.0
Mass (Msyn)

1

Clump mass, m (Mg)

e Distribution of

e same as stellar Salpeter
. at lower masses (like stellar IMF)
 Factor of 4 25% efficiency?



TAURUS 13CO INTEGRATED

INTENSITY

IS most prominent
filamentary structure In
Taurus (10 pc)

geometry

~20 (star &
starless)

Study core formation:
C®0(1-0) &
N_H*(1-0)

LABOCA 850 um

See Hacar et al.






. identify and disentangle multiple velocity
components

 New algorithm: FlVe ( , See poster)
- fit multiple to C**0O and N_H* spectra

« search for individual components in position-
position-velocity (PPV)

. approach (Huchra & Geller 1982)

e B213 consists of



Hacar, Tafalla, Kauffmann, & Kovacs (2012) A&A, subm.
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Hacar, Tafalla, Kauffmann, & Kovacs (2012) A&A, subm.

1000

-3000

SL

St

-1000

1000

2000

3000

Aa (arcsec)



I
Q
@)
2
. )
~ %
o
2\
=
o
Y
-]
“3
g 1 Qo
A
o
e <
" o
E © @
X © 7 f'g
ki
> S
| >
Ty Qo
>
wn
c
o
s | =
1000
' 0 eC)
uw 1 ! - S
3000 2000 1000 0 -1000
Aa (arcsec)




C™0 filaments from Hacar et al. (2012) . Herschel image from

the “Gould Belt Survey” (Andre et al. 2010). See also poster by
Palmeirim et al. in this meeting

In Barnard 213
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* Core formation occurs via

* Cloud fragments into filaments
* subsonic/transonic

 Some filaments fragment into

* no supersonic collisions between gas flows
 likely

Filament 1

(TTOZ) elrejel » JedeH
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Why are clouds so fragmented but still so close to virial
equilibrium?

Why do they produce a small fraction of dense cores?
(and a small fraction of stars?)

Are cores equilibrium structures or just brief snapshots of
the star formation sequence?

How do they fragment from the cloud gas? (and why?)

What happens to a core after it has formed a star?
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