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Magnetic Fields in the ISM
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Declination (J2000)

Magnetic Fields in the ISM

S Li & Hennbag, Naure 2011
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Magnetic Fields in the ISM

Galactic Latitude
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Magnetic Fields in the ISM

* PLANCK: magnetic field of the Milky Way

ESA PLANCK: Milky Way's magnetic fingerprint, May 2014
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Magnetic Fields in the ISM

* Magnetisation of the ISM and cloud cores
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Impact of Magnetic Fields

magnetic flux is frozen into the plasma:

=
mass-to-flux ratio:

M . .
= <<I>) = self-gravity / magnetic energy

2

critical value for collapse:

lerit = 0.13/VG spherical structure
Mouschovias & Spitzer 1976

it = ~ 0.16/VG uniform disc
27 \/ @ Nakano & Nakamura 1978
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Impact of Magnetic Fields

— minimal column density:

B
N &~ 2.4 x 10*' ecm ™2
¢ X cm (10 MG>

— minimal length scale:

B n —1
cri ~ 1 5 ( )
Lerit 5 107 pC <10,uG> lcm—3

—> time-scale for colliding flows:

ters A~ 100 M b ( " )_1 ( Utlow )_1
crit ~ r
t 7\ 10 uG 1cm—3 10 km sec—!
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Magnetic Fields in the ISM

|Bos| (HG)
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Magnetic Fields in the ISM

|BLos| (nG)
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Magnetic Fields in the ISM
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Magnetic Fields in the ISM
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Dissipation processes

Solutions?

* flux loss by:
* Ambipolar Diffusion (Mestel & Spitzer 1956, Shu 1987, Mouschovias 1987)

* Turbulence + AD (e.g. Heitsch et al. 2004)
* Turbulent reconnection (Lazarian & Vishniac 1999)

* Ohmic resistivity (e.g. Dapp & Basu 2010, Krasnopolsky et al. 2010)
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AD in the WNM

* |lonisation degree of the diffuse ISM:
1/2

) K )
10° cm—3 103 cm—3 K=3x1073 cm™3, K’=4.6x107* cm
(e.g. Fiedler & Mouschovias 1993, Hosking & Whitworth 2004)

10"

ni:K(

: Xe ~ 10_5 Ol

—> AD timescale;:

~
~

t 1 B2 1 1072 10° 107 10* 108
AD — 5 U=
X L 4w v p; pn 8

L ° B 2 ny —1
~ 10°M ( )
7 (10pc> (IO,LLG) 100 cm—3
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Cloud Cores

* |onisation degree of cloud cores:

]

Williams et al. 1998

Xe ~2.5%1078 ... 2.5x1077 s
6 _
—> ambipolar diffusion | _
time scale:
= 4]
tap ~ 10 (xe/1077) ¢ | B
—> but cores are already i
supercritical : : :
n>104cm™3 . Py x e . e
—> Ncores = Nerit T 4 731 70 68 66

—> AD is not important for cores

OSSF, Paralia-Keterninis, May 2014, Robi Banerjee



Collapse ofTurbuIent Cores

26.5

collapse of slightly
.. supercritical cores
+ turbulence

25.0

- 1 26.0

24.

= escapes
24.0
“magnetic braking
23.5 ’s
) catastrophe
’ 23.0
200 AU i, (Galli et al. 2006, ...

— 26.5

0 —> overcomes

25.5 “fragmentation crisis”
?% (Hennebelle & Teyssier 2008,)

24.0

Seifried, et al. 2012, 2013
see Poster: 31
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Simulations of colliding flows

MC formation & Model parameter:
star formation *n=1cm>
%, e r=32 ... 64 pc

= Minr=2.3%10* Mo
—> N=7x10%Y cm™
* vinf = 14 km/sec

+ turbulence;
Viurb = 0.2 ... 12 km/sec

+ ambipolar diffusion

256 pc

eBx=1..5uG
= u/terit = 1.1 (B/3uG)~!
= it = 15 Myr (B/3uG)

see also Vazquez-Semadeni et al. 2007,2010
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Simulations of colliding flows

influence of magnetic fields

0.00 Myr

Box
OSSF, Paralia-Keterninis, May 2014, Robi Banerjee



Simulations of colliding flows

influence of ambipolar diffusion

7.00 Myr 6.90 Myr

ideal case 5 _ 4uG with ambipolar diffusion

OSSF, Paralia-Keterninis, May 2014, Robi Banerjee



Simulations of colliding flows

results from head-on colliding flows with different field strengths
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Simulations of oblique flows

Simulations setup of oblique flows
— resemble non-ideal MHD

Model parameter:
=0, 30, 60

en=1..10 cm™
¢« r=32..64pc

* vinf = 14 km/sec
* Viurb = 2..10 km/sec

e Bx=1..5uG

Y
256 pc

'ﬁ

9%° \

B. Kértgen, RB in prep.
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Simulations of oblique flows

o = 30°

0.00 Myr 0.00 Myr

Boxsize 256.0 pc Boxsize 256.0 pc
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Simulations of oblique flows

results from oblique flows with different field strengths at ¢ = 30°
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Simulations of oblique flows

¢ = 60°

0.00 Myr 0.00 Myr

Boxsize 256.0 pc Boxsize 256.0 pc
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Simulations of oblique flows

results from oblique flows with different field strengths at ¢ = 60°
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Simulations of oblique flows

results from oblique flows with different field strengths at ¢ = 60°
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Simulations of oblique flows

results from oblique flows with different field strengths at ¢ = 60°
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Conclusion

|Bos| (HG)
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Conclusion
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