Star formation

& Dr Jennifer Hatchell
- Lecturer in

Astrophysics

NV BRSOk

EXETER




UNIVERSITY OF

DR JENNIFER
http://www.astro.ex.ac.uk/people/hatchell/sfmap.pdf irene. E X ETER

OBSERVATIONS

N

Clouds
Clumps

Cores

\
Protostars

GRAVITY
THEORY

Thursday, 1 September 2011


http://www.astro.ex.ac.uk/people/hatchell/sfmap.pdf
http://www.astro.ex.ac.uk/people/hatchell/sfmap.pdf

UNIVERSITY OF

Tiacnee EX ETER

mm: C180 1-0 FCRAO
Hatchell et al. 2005

submm: 850 um SCUBA
Hatchell et al. 2005

MIR: - 8um Spitzer
Jorgensen et al. 2006

NIR: 1-2um JHK
Muench et al. 2003

Declination (J2000)

3h45m308 45™M00°% 44™M30° 44™00° 43M30°
Right Ascension (J2000)

Thursday, 1 September 2011



IIIIIIIIIIII

Unanswered questions Tirdit EXETER

e \Where do stars form and why?

¢ Origin of the stellar initial mass function (IMF)?
e \What is the role of feedback?

* Are magnetic fields ever important?

¢ |s massive star formation a scaled-up version of low mass?
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Simple estimates of ox Jenniren ENFETER
gravitational stabllity

¢ Jeans length / mass: gravitational instability against thermal
support in a uniform density medium

2
2 _ TG 1\ 3 GMJ o 2
)\ — ] MJ — >\Jp — 7TCS
Gp AJ
where cs Is the sound speed and p density. eg. Hartmann ‘Accretion Processes in SF’ book

e \/irial mass: thermal /turbulent support vs. gravity for a core
iIn equilibrium

Mass Thermal / turbulent 1D
Gaussian linewidth
b = (30-%]:)) eg. Bertoldi & McKee 1992

Core/clump radius Virial parameter o~1

for only thermal pressure 30‘%[) — Cg — P/,O — kT/,umH
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Axisymmetric collapse solutions HineE EXETER

Terebey, Shu & Cassen (1984) rotating
collapse

Ge

4E12 =

3E12

2E12

log r

F1G. 1. The variation with time of the density distribution in the collapsing cloud (CGS 1E12
units). The curves are labelled with the times in units of 1013 s since the beginning of the

collapse. Note that the density distribution closely approaches the form pocr—2, f§

Larson (1969) and Penston (1969) 2 B

protostellar collapse % 1E12  2E12  3E12  4E12
. . density EEEG_G—_— >

Shu (1977) singular isothermal sphere 6.0E-14 1.4E-13 3.1E-13 6.9E-13 1.5E-12 3.0E-12
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Numerical simulations Pt EX ETER

Mass—to—flux=10Q, Barotropic EOS

Mass—to—flux=10, Radiative transfer
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Daniel Price and Matthew Bate

e Price & Bate 2009 MNRAS 398, 33
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(Galactic-scale simulations el EXETER

e Dobbs & Bonnell 2008
molecular H> cloud
formation in Galactic
spiral arms
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Great star formation telescopes et EXETER

. 350um 1mm

_ ANSWERS
4 eJames Clerk Maxwell
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4§ °*Atacama Large Millimetre Array
" @& (ALMA, submm)
eHerschel Space Telescope
~ B (MIR/FIR)
VWL Vg O ISR e Spitzer Space Telescope (MIR)

200pum - 1mm _f‘ 78
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Low mass star formation surveys prjeNniren ENFETED
- Spitzer
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Star formation rate per unit area

HATCHELL
Table 1
Measured Quantities for Clouds
Cloud Nysoste  Nysosi  Nysosr  Distance Q Adoud M g clowd Loas cloud SFR Zsrr
(pc) (deg?) (pc?) (M) (Mg pe?) (Mg Myr') (Mg yr' kpe?)
(1) (2) (3) 4) (5) (6) (7 (8) 9) (10) (11)

Chall 24 0 2 178 + 18 1.03 991 + 2.0 637 £ 300 643 + 27 6.00 £+ 3.2 0.605 = 0.35
Lup I 13 2 1 150 = 20 1.29 8.86 =+ 24 S13 £ 310 579+ 31 32518 0.367 = 0.22
Lup III 68 . 6 200 £+ 20 1.27 154 £+ 3.1 912 +£ 520 59.2 +£ 31 17.0%9.2 1.10 + 0.63
Lup IV 12 1 0 150+ 20 0368 252 +£067 189 4+£95 750+£32 300%£1.6 1.19 £ 0.72
Oph 290 27 44 125 &= 25 6.21 296 = 12 3120 £ 1800 105 =42 725 £+ 39 245 £ 1.6
Per 385 76 35 250 £ 50 3.84 73.2 £ 29 6590 + 3600 90.0 £ 33 96.2 £+ 52 1.31 £ 0.88
Ser 224 31 21 260 =10 0826 170x=13 2340+ 640 138+ 36 56.0+ 30 329+ 1.8
AurN 2 1 0 30030 0088 241 =048 224 x+£52 92911 0.500 = 0.27 0.207 = 0.12
Aur 171 43 24 300 £+ 30 1.82 50.0 £ 10.0 4620 £+ 1100 924 + 11 427 + 23 0.854 + 049
Cep 118 30 10 300 = 30 1.39 380 76 2610 170 68.7 £ 17 295 % 16 776 ) .4
Cha Ill 4 1 0 200 = 20 2.30 280 £56 1330 £ 390 475 £ 10. 1.00 = 0.54
Chal 89 10 12 20020 0772 941 £1.9 857 + 210 91.1 +£12 222 4+ 12
CrA 4] 7 3 130 £ 25 0588 3.03 £1.2 219 £ 110 921 £ 13 102 £ 5.5
IC5146E 93 13 o 950 £ 80 0223 614 £10. 3370 £ 870 549+ 11 232 %13 .
IC5146NW 38 16 3 950 £ 80 0319 876 £ 15 5180 £+ 1300 59.1 £ 10. 9.50 £ 5.1 0.108 £+ 0.061
Lup VI 45 0 1 15020 0983 6.74 = 1.8 455 £ 140 67511 11.2 = 6.1 1.66 = 1.0
LupV 43 0 0 150 £ 20 1.70 11.7 £ 3.1 705 £ 220 60.3 £ 10. 10.7 £ 5.8 0915 £ 0.55
Mus 12 1 0 160 =20 0875 6.82 = 1.7 335 £ 110 49.1 £ 10. 3.00 = 1.6 0.440 = 0.26
Sco 10 2 | 130 £ 15 1.42 7.29 £ 1.7 621 £ 17 85223 250%13 0.343 = 0.20
Ser-Aqu 1440 146 96 260 + 10 8.72 179 £ 14 24400 £+ 3000 136 = 13 360 £+ 190 201 £ 1.1
Cloud Averages 15672 205+79 134452 2746 £ 53 1.8 £ 05 324 £96 2965 £ 1205 793 £ 5.8 39 + 18 1.2 £+ 0.2
Cloud Total 3122 409 268 36 648 59300 91.5 781 1.2
Data from Literature:
Taurus' 148 137 44 252 27207 108 37 0.147

Notes. Columns are (1) cloud name; (2) total number of YSOs above Ay = 2; (3) number of Class I objects above Ay = 2; (4) number of Flat SED objects above Ay = 2;

(5) distances to each cloud; (6) solid angle; (7) area (pc?); (8) mass (M,); (9) surface gas density (M, pc2); (10) star formation rate (SFR; M, Myr~'); (11) SFR density
(Mg yr' kpe™?).

* Total Ay mass from Pineda et al. (2010) and YSO data from Rebull et al. (2010). Heidermann, Evans et al. 2010
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Herschel: Clouds - cores - (stars) iR EXETER

Preliminary Prestellar Core Mass Function (CMF) in Aquila Main
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Spitzer Glimpse coverage
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Hot topics 2011-21 N EXETER

e \Where do stars form and why?

¢ turbulent cloud models and the star formation efficiency

¢ Filament fragmentation and collapse

* Origin of the stellar initial mass function (IMF)?

e Details of protostellar infall, accretion and ejection (jets/outflows)?
e Formation / assembly of binaries and higher order systems?

e \What is the role of feedback?

* Are magnetic fields ever important?

e polarimetry for magnetic field geometries

¢ |s massive star formation a scaled-up version of low mass?

e statistics on massive clusters
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Stars form in molecular clouds el EXETER
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