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Observational:Surveys Provide

Significant Statistical Informadtion.
Clump mass and size distribution - large scales
Core mass ‘and Size distribution £ ‘small scales
Core locations = environment and clustering :
Frequency; of: protostellaristages = Class -1, 0, 1, 11,111
Structure - filamentary, elipficity; d.i.recfionali’ry :
Kinemaﬁc InForma’rioﬁ - CO and N‘éH’f widths, dié’r'n

Polarization Angle - Magnetic Field Orienfation

Reasonable thearies miist repf'oduce each of these condifions!
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* 1) Clump-Structure in Clouds’

e Distribution. of mass is shallow

o 'N o< M:/2+ mass Tesides in massive objects
 Result independent of structure: analysis form
e Totals to the entire mass of the cloud

o Non-thermal size versus mass relation

o oflinewidth)e RO (Larson’s Law)

» Larger objects require more: support
s Constant columnidensity Av ¥ a few
o M oc R?

| Large-scdles dominate tHe moleculaf cloud.
Non-thermal support required:and obsegrved.
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e Clond. sz, Clond Mass , Ay Cloud Area * Cloud Mass * §
Sompe (%) Mo) (%) Range (%) My %
100 2020 100 —
18552 100
88 1380 68 : 15982  86.1
9 400 20 | : 4. 2537 13.7
3 240 12 33 0.2

Mean A, ~ 4 Mean'A, ~ 2

Large-scdles dominate tHe moleculaf cloud.
Non-thermal support required:and obsegrved.
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2) Core Structure in.Clouds

o ..Distributioniof mass. is steep ' e —
0 NxM-3/2 :'mass resides'in small objects T Motte et al.
0. - Similarity. to IMF. intriguing 2
"0 Result indép. of structure analysis form
o+, Totals to small fraction of the: cloud
o i Thermal size vs. massirelation?

o . MxR3 (Pressure-confined objects)
. 0 Largest objects are grav. Unstable
o MR (Critical BE 'sphere/Jeans Mass)
o..Found in localized regions of cloud
o  Highest A, zones
0, ~Clustered - tog(4/M4)

log( cumulative number)
1
o

Dense mdterial has different proper’rie.‘s tHan. bulk clotd.
| No: requirement:for non-thermal suppaort. |
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- Johnstone, Kirk, Di Fry JCMT-SCUBA 850 um map of Perseus -

40 35
a (2000.0)

JCMT-SCUBA
850 um map of Ophiuchus
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Av

Range (%)

Cloud Area Cloud Mass
(Mp)

Mass Ratio
(%)

Clump Mass

(%) Mo) (%)

0-36 100
0-7
7-15
15-36

88
9
3

2020

1380
400
240

D

100 494 100 2
63
20

12

0 0
6

94

3.1
46.3

Ay
Range

(%) M.

Cloud Area * Cloud Mass 2 Cloud Mass P Clump Mass

07
/0

Mass Ratio P

I\I, (7( I\I ) % ( '7( )

100
95.5
4.4
0.04

0-12 18552
0-5

o-10
10-12

15982
2537
33

100
S6.1

13.7

0.2

o

6074 i

3611

2429
33

51
0.5

45.5
5.2

100
1.0
88.9
10.1

100
59.5
40.0

0.5
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Sighificanceof these Cores?

Cores represeri’r ~2% mass of cloud
Cores, represent 7207 mass of clump
Cores live primarily at high (510) Av."

Cores have stellar IMF-like mass/ f'n

Embedded stetlar clusters have. these same properties!

(Lada and Lada 2003)
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isobaric Equilbria

28 30 32 34 36 38 40 4.2
log{R/AU)

(gr’éen lines; resolution & SENSItIVILY, "I'imits)

(black lines: isobaric equilibria - unstable only above turn-over)
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3) Embedded Protostellar Phase

e Frdction of cores with embedded sources 50/50
+'. Lifetime: of: cores is short t q‘
¢ 1f all collapse then lifetime = Class O lifetime ‘
# ‘Usually only one embedded source (75°)!
¢ Fragmenfation properties of cores
¢ ‘Concentration’ proxy for collapse
+ Related to Jeans Mdss (BE-analysis)?
¢+ Simply due_to infternal heating ofilenvelope?
¢ Observational clue only?
¢+ Embedded sourcesicentrally located in cores
¢ Unlikely'to' be'dynamical wrt'envelope

Dense cores appear Highly. corretdted with §far formation:
‘Dense core.formation relatively-quick and efficient.
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Cointidence of 24 Micron source and Submm peak.

Jorgensen, Jehnstone, Kirk;:Myers 2007
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Protostars clustered-around and-within dense cores.
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Correlation between protbstars and core properties.

"~Jorgensen, Johnstone, Kirk, WAVLETES
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Brightest/most. peaKed sources contain protostars.

Does this negate the AMF-like care mass distribution?
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*Protostars in.cores:ive-nearthe center,

| Jorgensen Jehnstone, Kirk, Myers

Radius [AU] i i , ,
AL F L DL L R < 10 arcseconds!

Perseus | R < 2000 AU

For.0.1'km/s
w1 =10°vyrs
=lifei'of ClassO
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Protostars not
moving with respect
tor.core.
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4)/Kinematics-of Cores

¢ Mosticores appear. thermal-in’N,H*
¢ 'If quasi-static then pressure confined
¢ ie gravity.doesn’t dominate
¢ If'fransient then'local stagnation point
*%je not a.shedring flow
* .CO observations are less obvious
* Dominated by |larger scales

¢ Core fo core motions
* Appear similar o, virial
* ‘Insight into clump Kinematics?
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:NLH* Tinewidths of.eores mostly thermat!
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C180 himewidths of cores larger non=thermal camponent.:s

protostars e
starless ]

Fraction of Cores

1.0 1.5
oxr/ ¢ (T=15K)
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Motiens of €aeres WithiR' Clunips appear= Vindl

\/elocity
Dispersion
Versus
Virial
Measure

2.5
log Extinction Moss (M,)

*Extinction Mass® of Clum{:
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‘5)Kinematics ofthe Cloud %’

Perseus 13C0 Integrated Emission

-y "] ’. -y R ’. -y R ’. -y R ’. -y

This |mage was cons’rruc‘red from ~140 OOO mdmdual 1360 Spec’rra ob’ramed durmg

" the 2002-2003 season at FCRAO. Emission’is m’regra’red between 0 and 20 km/s.

The ahhre data cubé is nearly 4Gb in size! (HARP WHI play |mportantfrole in thls regard)
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+ On large scales, clouds exhlblt supe[sonlc
turbulent motions

¢ On the smallest scales dense BOLES have
mostly thermal motlons

extinction
fegion (1pc)




LOS Velocity dispetsion
versusithe dispersior of’
the entire region. .

LOS velocity dispersion

Symé"LOS towar‘d cores
Line-random LOS

Units of sound speéd.

Extinction region velocity dispersion
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Core Velocity dispersion

versusithe dispersion of’
the entire region. .

Core velocity dispersion
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Extinction region velocily dispersion
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Différence between
core velocity & LOS

velocitycentroid versus
the dispersion:of'the
entire-region. ¥

Core to LOS motion

2 3
Extinction region velocity dispersion
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- Questions we.hope to;address

*: How areiclouds supported?
¢+ Long-lived? Magnetic fields, turbulent input
* “Short-lived? Turbulent: dissipation, etfc
¢ Determines the initial .conditions:for structure

*. How does material clump, and make cores?
% Quasi-static? . Ambi-polar diffusion etc.
* -Dynamic? Turbulent flows, waves, etc
¢ Detfermines the initial conditions for star formation
* How do cores collapse?
* Regulated?'Inside-out, smooth; efc.
¢ Fragmented? Dynamical;*fdst loss of support
* Determines the initial conditions for binaries; clusters
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Observatzonal S urveys Provzde

Slgnlﬁcan’r S1‘Cl1'l$1'|CCl| InForma’rlon
Clump mass and size distribution - large scales
Core mass ‘and Size distribution £ ‘small scales
Core locations < environment and clustering :
S’rruc’rure = ﬁlamen’rary, elipTicity, dlrec’rlonall’ry
Frequency of profostellar stages - Class -1, 0, I, II, III
Kinematic Information - CO and IN,H* widths, dist'n

Polarlza’rlon Angle - Magne’rlc Field Orientation

Reasonable ’rheorles must reproduce each of these condlhons'

11/3/07 UCSB 2007




11/3/07 UCSB 2007




11/3/07 UCSB 2007




“Structure.-The ‘Need for Resolation!

%32 Fluids Facility

Matthew Bate /E ' ETER &

11/3/07 g : /% UCSB 2007 . : 58 : 34
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“Structure.-The ‘Need for Resolation!

fii.| |UK Astrophysical &2
%2 Fluids Facility g

Matthew Bate EXETER %

11/3/07 g : /% UCSB 2007 . : g : 255




This image was constructed from ~140,000 individual *CO Spectra, obtained during
the 2002-2003 season at FCRAO. Emission'is integrated between O and 20 km/s.
The entire data cube is nearly 4Gbiin size! (HARPawill play importantirole in this regard)
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;;_Gould s Belf - N earby’S ti Formation Sites

SCUBA-2 all sky

f [ Star formation regions: HARP B + SCUBA-2 polarimeter
OSpectraI line surveys: HARP B / SCUBA-2 FTS

608

| £C0 Galgeric Plane Survey, (Dame et al 200D 1
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SCUBA’é Legaey Projec‘f;' Mapping most star formation in Gould’s-Belt, co’v'e”ring 700
square degrees, and sensitive ‘to every Class O & I protostar and every L1544- like pre- .
stellar: core within 0.5 kpc' &
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The Future of Sub-mm:Mapping

SUBMILLIMETER

28 30 32 34 36 38 40 42
log{R/AU)

.- Imaging at.850 and 450.microns (>100 faster than SCUBA)

Covering 10 sq. deg. to 2mJy (CO clouds) in < 100 hrs
Deep, unbiased, structure surveys within molecular clouds

. JCMT Legacy Surveys - Gould Belt, Galactic Plane, Debris Disks .
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Polarimetry

SUBMILLIMETER

MMST

J43SN-NOWWO?

MMSS8

BOLOMETER

1.. Polarimetry (51000 faster than SCUBA)

Should.detect magnetic geometry. over much of cloud

2.
3. 'Important ebservational constraint for theories/simulations
4.

Further.exploration of dust properties
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S ub-mm.S pectral L ndex

SUBMILLIMETER

BOLOMETER

1. Fourier Transform Spectroscopy (>1000 faster than SCUBA)
2.High spectral resolution - survey strong molecular lines
3:Low spectral resolution = model SED ’rhfough submillimetre

sDetermine dust properties (R+ 0.1):
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Observing Star Formation

N

Submillimetre optical light =~
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IS this. an Observationallssue?:
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a dark cloud b gravitational collapse € protostar
bipolar /
flow

/
/
/

/
dense core
10,000 to
14-200,000 AU -» 10,000 AU-» time=0 —500AU—> 100,000 years
d T Tauri star € pre-main-sequence star  § young stellar system

bipolar planetary debris
Ilov:r disk central

‘\\ :
central planetary
star system

y "

100,000 to 3,000,000 to atter
j&— 100 AU — » 3,000,000 years <100 AU—> 50,000,000 yoars j«— 50 AU —» 50,000,000 year:
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