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Evans et al. (2008):

TABLE 1

FacTs ABouT CLoOUDS ‘

Cloud Solid angle  Distance Area Av (n)® t(cross)

(deg?) (pe) (pc?)  (kms™h) yn=?)  (Myr)
Cha 11 1.038 178+ 18  10.0=+2.0 1.2 126 + 86 37

Lupus 3.101 150 £ 20° 28.4+6.5 1.2 816 4+ 188 4.7
Perseus 3.864 250£50 T73.6£294 154+0.118 4814+ 1925 7.8
Serpens 0.850 260+ 10 175+1.4 216+ 0.01 2016 &+ 155 | 2.7
Ophiuchus 6.604 12525 31.4+£126 094£0.11 2182 4+ 873° 8.4

Total 15.457 oo 160.9+£51.9 -+ \10254 + 3228 389

x cfficiency is mstar / (mstar + mcloud) where star =
class Il object (star+disc)

x ~3-6% efficiency (also 3-6% converted into stars per
free-fall time)



Dynamical (“rapid”) models of star formation

e.g. Bate, Bonnell & Bromm (2003), Bonnell, Bate & Vine (2003), Bate & Bonnell (2005), Bate (2008)

Dimensions: 82500. AU Time: Q.yr

x Mmain ingredients are turbulence, gravity

xreproduce gross characteristics of the IMF,
multiplicity:-as afunction of mass, frequency of
a3 ;low mass”binaries‘

;-EBUT star formatlon efficiency too high (all gas
jwould eventually form stars). Observations
~suggest 3-6%

x -produce too many brown dwarfs (Bate 2009).

x MISsSINg observationally constrained physics in
. the form of magnetic fields and radiative
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Log Calumn Density [g/cm’] Matthew Bate feed baCk

Bate, Bonnell & Bromm (2003)




How 1o make star formation
inefficient

x increase the level of turbulence (CGlark:& Bonnell 2004) /
continual driving (Klessen et al.)

x feedback from jets and outflows (Matzner & Mckee 2000,
Nakamura & L1 2007)

x tidal forces in the Galaxy: pulling cloud apart again
(Ballesteros-Peredes et al. 2009)

® |nclude more physics... like magnetic fields and radiative
feedback
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Magnetic fields

x star formation regions known 1o
contain magnetic fields of
significant strengths

x Want to determine their role In
the star formation process

HH30




Magnetic fields and star formation

e.g. Maclow & Klessen 2004, Mestel 1999

x magnetic flux conserved during collapse

x critical "mass to flux ratio”

M
(5> = 490G tem 2

M M i .
<5> < (EL« “supctritical” (stable against collapse)

(%) > (%) “superctitical” (will collapse rapidly)

once unstable to collapse, will collapse on free-fall timescale:
changes nothing about the rate of star formation
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Star formation modelling

length scales: 7 orders of magnitude
Rayvic ~ 10%km(100pg) — Re ~ 10°km
time scales: 11 orders of magnitude
106yea,r\s — 5 minutes!

density change: 1/ orders of magnitude
1O4M@/ RGMC’ 6 M@/ R@

Physics: self- grawty,.gas dynamics, magnetic fields
(non-ideal), radiation transport, dust chemistry...




Smoothed Particle Hydrodynamics

Lucy (1977), Gingold & Monaghan (1977), Monaghan (1992), Price (2004), Monaghan (2005)
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Technical issues with MHD+SPH

1) Momentum sesaseat: use force which vanishes for constant stress
conserving force i By AR i By LB 1o\ Oy
- s _Zmb( B ) O
IS unstable b

1 BBy = (BiB:)q OW,
43 .l Zmb( J)b ( J) b.
105 Pa b O

(Morris 1996)

2) Shocks
\ formulate artificial dissipation terms (PM04a)
3) Variable h Lhmmnn e

b ﬁab
(E) . = Pa Z My 152 (Ba b Bb) r- vavvab
diss b ab
de, P e
M STty : -V W,
( dt ) 4 Zmb Pab s
diss b

use Lagrangian (Price & Monaghan 2004b)



lest problems

0

0
-04 -02 0 02 04 -04 =02 0 02 04 -04 =02 0 02 04

-04 =02 0 02 04 -04 -02 0 02 04

X X

Mach 25 MHD shock (e.g. Balsara 1998)
(Price & Monaghan 2004a,b, Price 2004)

T T T T T T T T T T T

T | oos

-1 0.04

Current loop advection (e.g. Gardiner & Stone 2007)
(Rosswog & Price 2007)

vl

Orszag-Tang vortex (everyone)
(Price & Monaghan 2005, Rosswog & Price 2007)



4) The VeB = 0 constraint

x |ots of things *don’t™ work very well (e.g. Dedner et al. cleaning)

= Euler potentials: Euler (1770), Stern (1976),
Phillips & Monaghan (1985)

use accurate SPH derivatives (Price 2004)

X,ul/v'uai o3 Zm] — Oy VVWZ] (h )

B =Vax V3

Xpv — ij Ti 5 Tj )VVWU(hz)
J

dOé d /6 o add shock-dissipation
a wz::w s T
‘advection of magnetic field g Vg =

lines’ i iessans Zmb 70 —B) 7 -V Wap

x disadvantages: helicity constraints (A.B = 0O)

= field growth suppressed once clear mapping from initial to final particle
distribution is lost - DON’T FOLLOW FIELD WINDING (for long)
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Price & Bate (2008) MNRAS 385, 1820

Magnetic Tielas in star cluster tormation
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Radiation

® collapsing gas becomes optically thick beyond a certain
density - the “opacity limit for fragmentation”

x put radiation can be transported from hot to cold regions
either diffusively in-the optically thick regime or at the
speed of light if optically thin

n flux-limited diffusion approximation is one that captures
both optically thick and thin regimes



Self-gravitating radiation-MHD

p = /5(r—r’)p’dV’,

d 1 1 B> BB
2 ——V(P+— >+5F—V<I>,
dt p 2 1o C
d P ' i
i ——V v+ ack '0—5—(&) ,
dt 0 a Co
d¢ V-F Vv:P, V5 <u>4
— = ack | — — | — ,
dt o 0 a Co
{7 isseeenie VO&E X VﬁE,
dOéE . dﬁE C\
P s

Vi =  AxGp,



Radiation hydro

Hydro/Barytropic EQS

t=0 yr
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Daniel Price and Matthew Bate
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The punchline: Effect on star formation

rate / efficiency
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Ophiuchus




Summary

x With a proper treatment of radiative feedback and realistic
magnetic field strengths, models show: efficiencies of ~7%

per free-fall time, In-much better agreement with
observations

® glso form fewer brown: dwarts, solving another problem

x magnetic fields and radiative feedback may indeed
regulate star formation



