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& o |+ 2)How doima,gnetic fields affect
e o the collapse of molecular clouds
.y toform stars?
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1) What is the effect
of magnetic fields on

fragmentation?
suppress or enhance?

3) What effect do mgnetic
fields have on the dynamics
of the interstellar medium?

Magnetic fields in star formation

M51: S. Beckwith, Hubble Heritage Team, ESA, NASA
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Technical issues

]_) Momentum —— use force which vanishes for constant stress

conserving force Gk Zmb(Pa+%Bs/uo +Pb+%Bz/uo) OWa
b

. R P2 P Ox*
is unstable . (B:B;)s — (B;B;)a OW.as
Sz % Z my :

PaPb (9513]'

(Morris 1996)

<) Shocks \
formulate artificial dissipation terms (PMO4a,)

3) Variable h ( dv ) ) o
dt diss b Pab
<%> = 0 m —L28 (B, —By) 7 - VaWa
diss b Pab

|

deq
at diss

use Lagrangian (Price & Monaghan 2004D)

* *
_E :mb g(_a b)r'vaWab
! Pab



4) The VeB = O constraint

e prevention vs cleanup (Price & Monaghan 2005)

e Fuler potentials: Eu.le.r (1770), Stern (1976),
Phillips & Monaghan (1985)

Price & Bate (2007), Rosswog & Price (2007)

L use accurate SPH derivatives (Price 2004)
e e R : (SR Y 2 :
B = VQ e Vﬂ Xuw V' 0 = ;my (a — ) Vi Wi;(hy)
i ij("“f — 1)V Wi (hi).

add shock dissipation
dOé d/B o do QaBU
dt dt O E 2 Zmb L; :Zg Lo O‘b) T VoWap
d S1 N
‘advection of magnetic d—f = Z e — Bp) 7 - VaWap

field lines’ b



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

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

o 0.06

t=0

4 0.04

0.02

0

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






Single & binary star formation

(Price & Bate 2007)

e dense core R=4x10%cm=0.013pc
=2674 AU

e embedded in warm, low density
medium
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e M=1 Msun in core

e initial uniform B, field

e T~10K

e solid body rotation

e equation of state:

= ¥
resolution ~- 300,000 particles in core P =HKp . .
(30,000 required to resolve Jeans mass, v =1, p < 10! gcm

ie. fragmentation) v =17/5, 0> 10"g cm ™3,



Effect of magnetic fields
on circumstellar disc
formation:
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i e discs form later

§_=============:==E================E::==============E:============:===_§_===:====:====:===_§ e |ese massgive

{  egsmaller

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

0 e slower accretion rates
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-----------------------------------------------------------------------------------------------

¢ ]less prone to
gravitational instability

Price & Bate (2007)
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Daniel Price and Matthew Bate, University of Exeter, UK
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T T M/¢ = 7.5

ant effect (acts to
Wease effective thermal
ergy of core)
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What 1s the effect of
magnetic fields on
fragmentation®

net effect is always to SUPPRESS fragmentation,
driven by magnetic pressure effects, although
magnetic tension can dilute this to some extent
depending on the field geometry.



How do magnetic gelds
affect the collapse of
molecular clouds
to ;"orm stars®

how do magnetic fields change the hydrodynamic picture?
(e.g8. of Bate, Bonnell & Bromm 2003)

effect on initial turbulent decay?
star formation efficiency/molecular cloud lifetimes?
fragmentation of cores?
IMF/ ratio of stars to brown dwarfs?
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h number 6.7







Mass/flux rotio = Mass/flux ratic = 20
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Mass,/flux ratio = 10 Moass/flux ratio = 5

log column density [g/cm?]
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Mass/flux ratio = 3




t=0.6

t,,=0.8

=1
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Goldsmith, Heyer, Brunt et al. (2007)






Goldsmith, Heyer, Brunt et al. (2007) -
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Goldsmith, Heyer, Brunt et al. (2007)







How do magnetic fields affect
the collapse of molecular
clouds to form stars®

magnetic fields delay and suppress star formation

strongly inhibited accretion, resulting in a lower star formation
rate (and efficiency?)

trend towards fewer brown dwarfs with increasing field strength

strong magnetic fields (beta < 1) lead to large scale magnetic-
pressure supported voids in the cloud, anisotropic turbulent
motions and column density striations in the low density
envelope
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