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Magnetic fields in the ISM:

from galaxies to stars
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' ATe ﬁlagnetic fields important?

> Magnetic fields vs. gravity
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Magnetic fields vs. pressure

Magnetic fields vs. turbulence
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Are magnetic fields importantinthe ISM?
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refs: Crutcher (1999), Bourke et al. (2001), Heiles & Troland (2004)




Dobbs & Price (2008)



y (kpc)

A2 77 T 7 T Z = > > > >
W

>

g A
TG IINY 4
- Il
N
e

I S N T T T
I N N N T T T
N
3
3
B
N

S N W IR WM

AR

Y
S—<<<—w=z 77 ¢ vy L ¥
< et vy K

AR~ e 7 AN LI
— AT T AT T T AT AT T T
1T IR R T 2 T
L 7 T 7 T ZEE ey 7 7 | | 25
T T TTTAT T T T T T
77T 7T T T T e
T AATTAT T T T T T
= B g

4

1
4 4 7 1
11 1 7
1 7 A A
R e pigipdatets . e e ey
A R R R B L L e e e //7/7/7/7/7/7/7/’/’/7/’/,‘ ////////////////////7/////////////7/7/’/7/’/%
EEEEEEE SRS e A e S R S
1 1 A - < < v 7 PP PP — AT T
A A A A A A7 11114177//////‘/’////7/7//”/’ ///////////’//////’/’/’/’/’/’/’/’////L
14771 17T A AAAAT T = AL
EE A A 141 AAAANAT T / 7 2
444 414 /
4 4 4 4 4 1 7
1 4 4 4 1 4 71
4 4 A 7 7 41 7
A A4 4 27
744 AAA
a2
2227
L
Yy Yyy: oo R A
7

ez 7
P
AAAAAAAT T A
AAAAAAA A A
o) A

s
i /// g

ANAAATAAT T T T T T 2T T T

N R R 1 R AAAAAAAATZ A LT Z T I T T 222 T2 .
P A e A AT LTI e

P T I I R g AT T T2 T

=4

0]

[9/cm”]

ke golulamin *eElmsiin

log column density [g/cm?]



£ x XN,
=

to producing relative amounts of
ordered / disordered field



Provided cold gas is
present, get random
field of similar
magnitude to ordered

component
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Figure 6. The volume averaged random and ordered components
of the magnetic field are plotted against azimuth for the models
with cold gas for the strongest magnetic field (6 = 0.1, top) and
when the magnetic and thermal pressure are equal (8 = 1, lower).
The corresponding time is 200 Myr. The magnetic field has a
comparatively more ordered field when the field is stronger.




SIMULATING MAGNETIC FIELDS IN THE ANTENNAE GALAXIES
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F1G. 1.— Total synchrotron emission (contours) and magnetic
field vectors of polarized intensity at 4.86 GHz based on VLA data
(yellow), overlaid on a DSS image (blue - white background) (Dig-
itized Sky Survey, Palomar and UK Schmidt telescopes). The con-
tour levels are 0.005, 0.12, 0.30, 0.53, 1.2, 2.1, 3.3, 5.3, 9.0, 17 and
24 mJy/beam-area. The resolution is 17”7 x14”. Credit: Chyzy
(2005)
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F1G. 14.— Inner region (innermost 28 kpc) of the simulated An-
tennae system. Colors correspond to the stellar surface density
(in units of 107° Mg pc~2), overlaid with contours of total syn-
chrotron power. The contour levels are 0.005, 0.12, 0.30, 0.53, 1.2,
2.1, 3.3, 5.3, 9.0, 17 and 24 mJy. Magnetic field lines derived from
calculations of polarization are shown in black. The simulated sys-
tems compares very well to the observed system (Fig. 1).



Galactic ménage a trois: Simulating magnetic fields in
colliding galaxies
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“The magnetic field in the
system saturates rapidly
after the mergers at ~ 100 G |
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Figure 11. Bims = /(B?) as a function of time for the G6-
IGM9 scenario (blue lines), the G9-IGM9 scenario (red lines),
and the G9-IGM12 scenario (black lines). We separately show
the IGM values (dotted lines) and the values inside the galaxies
(solid lines). We distinguish between the IGM and the galaxies
applying a density threshold of 1072 g cm™3. The final values
for the galactic and the IGM magnetic field, respectively, are the
same within all scenarios.
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Pipe Nebula

NGC 2071 z- B~

Oalacic Lathe

Alves et al. (2008)

6h Sh3Om 5h RA

et what do magnetic fields change
about the star formation process?



Price & Bate (2008)

50 solar mass cloud
diameter 0.375 pc, nu2 = 3.7 x 10*
initial uniform B field

T=10K

turbulent velocity field P(k)ock4
RMS Mach number 6.7

barotropic equation of state

Magnetised version of Bate, Bonnell & Bromm (2003)

vary magnetic field strength...
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even stronger field...

Mass/flux ratio = 3
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o
. “Magnetically aligned velocity
anisotropy” (Heyer et al. 2008)
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Galactic Longitude

Fic. 6—H 1image of the R-C cloud at v = 4.95 km s~ overlaid with vectors
of stellar polarization from Heiles (2000). The measured polarization vectors are
aligned with the magnetic field direction. The length of the vectors is propor-
tional to the measured fractional polarized intensity, with the scale given by the
5% fractional polarized intensity vector shown by the scale of the vector in the
bottom left corner.




...seeing the first core a key target of ALMA
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DETECTION OF A BIPOLAR MOLECULAR OUTFLOW DRIVEN BY
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The outflow is slow (characteristic velocity of 2.9 km s-1),

~1 solar mass core

—1 emission integrated from 0.3 to /.3 kms™ ', while the red contours
show redshifted emission integrated from 7.3 to 14.3 km s~!. The solid blue



Price, Tricco & Bate (2012)
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- can perhaps explain magnetic fields in galaxies by purely

dynamical effects

» magnetic fields important as a source of pressure in ISM

- magnetic fields atfect molecular cloud structure and

dynamics, perhaps controlling star formation rate/efficiency

even in turbulent clouds

» magnetic fields produce some of the most beautiful

phenomena in astrophysics!




