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Magnetic fields during Massive Star Formation
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Magnetic fields during Massive Star Formation
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Magnetic fields during Massive Star Formation!?
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Collapse of Massive Cloud Cores

Parameter study with 3D Simulations of

massive collapsing cloud cores

QMcore — 100 MSOI

eRcore = 0.125 pc

edensity profile: p ~ 1

®Pcore = 2.3x10°7 g cm3

erotation with 3 = 0.0004 - 0.2

emass-to-flux: u=2.6 - 26 Uerit

eB,=1.3-0.13 mG aligned
with rotation axis

ercsolution: 4.7 AU
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Collapse of Massive Cloud Cores
The disk structures
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Collapse of Massive Cloud Cores
The disk structures

t= 4yr log(N [cm™))
26.0

600

400 25.5

200 25.0

24.5

y/ AU
o

-200 24.0

-400 23.5

-600

-600 -400 -200 0 200 400 600
x / AU

23.0

W= 26 Llcrit

Robi Banerjee, MFU III, Zakopane, August 23th 2011



Parameter study of collapsing cores

The disk structures
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Parameter study of collapsing cores
Magnetic field in the disk
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Magnetic field during the collapse
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eB, > B, in the core and disk (expectation from a stationary
accretion disk B o« R'2>; Blandford & Payne 1982)
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e Expected field strength in the protostar ~ 10* — 10° G
e Flux problem (Jonathan’s talk)
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velocity structure
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Parameter study of collapsing cores
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Parameter study of collapsing cores
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Parameter study of collapsing cores

disk type / fragmentation
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oflux problem/fragmentatlon crisis! (e.g Hennebelle & Teyssier 2008,

Elisabete’s talk)

etransfer of flux/angular momentum in subsequence evolution?
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Parameter study of collapsing cores

accretion rates

10

o B =0.20
e f.,=004
g LY e P =0004
=W " o o P, =0.0004
5 o
- 6 - ® ®
g ! e
= ®
= 5§ ’ o
.‘5
—= G ]
-
g
2
() M L M 2
10 Seifried, et al. 2011 |
u

e weak dependence on B
e decreasing with increasing rotation
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Parameter study of collapsing cores

Outflows t= 4yr v, kms']
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Parameter study of collapsing cores

Outflow / Lauchning mechanism
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Parameter study of collapsing cores

Outflow / Lauchning mechanism
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Parameter study of collapsing cores

weak magnetic field: p = 26 pcrit

outflow structure:

* bulk velocity increases with
distance

* peak velocities correlate
with density peaks

= several shocks
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Parameter study of collapsing cores

Outflow / Lauchning mechanism
stronger magnetic field: u = 5.2 perit
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Parameter study of collapsing cores

Outflow summary
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Massive Star Formation: Dynamics of HIl Regions

lllll

3D Simulations of collapsing cloud
cores with ionization feedback

from young massive stars
(Thomas Peters, ITA)

emassive core with Mcore = 1000 M_|

eRcore = 1.6 pcC
®pcore = 1.27x1020 g cm3; p ~ 115 T T T T T
einitial core rotation with 3 = 0.05
emagnetized case: U= 14 peit (B = 10 nG)
eaccreting sink particles = luminosity and

temperature using ZAMS (Paxton 2004)
ehighest grid resolution ~ 100 AU
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Massive Star Formation: Dynamics of HIl Regions

Simulations by Thomas Peters (ITA)
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Massive Star Formation: Dynamics of HIl Regions

Simulations by Thomas Peters (ITA)
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Dynamics of the H |l Region and Outflow
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@ size and morphology of H Il region is highly variable

@ cometary H |l region totally reverses within less than 10 kyr
@ changes like this have been observed!



Multiple protostars: Dynamics of the H |l Region
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* jonization feedback does not shut off accretion
» fragmentation-induced starvation (FIS)
* massive stars form in cluster
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H Il Region Morphologies
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Massive Star Formation: Dynamics of HIl Regions

The magnetized case
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Massive Star Formation: Dynamics of HIl Regions

The magnetized case

'''''''''' [ — m— —
- RunE | 100+
10F ;
s ~ = 2
= V e
:ff

L L | L L L | L L L 1 A A 1 ]__ A _IJ i
062 064  0.66  0.68 0.62

Peters et al. 201 |

* suppression of fragmentation
* Most massive star IS more massive
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H Il Region Morphologies: the magentized case
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Summary

Magnetic fields influence massive star formation
* Efficient transfer of angular momentum (magnetic

braking)
* Suppression of fragmentation (FIS relaxed)
* Launch of outflows (less collimated than in the case

of low mass stars?)
* smaller UCHII regions in the presence of magnetic

fields
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