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Magnetic Fields in the ISM

The ISM is highly magnetised: Emag ~ Etherm
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:
galactic B-fields (e.g. R.Beck 2001)
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Magnetic Fields in the ISM
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Magnetic Fields in the ISM

* Heiles & Troland 2003:
Millennium Arecibo 2| c¢cm survey
of the Milky Way

—> Magnetic fields in HI clouds
(incl. warm neutral media, WWNM)

B-field from

polarised
Zeeman effect
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Magnetic Fields in the ISM

* PLANCK: magnetic field of the Milky VWay
from dust polarisation

ESA PLANCK: Milky Way's magnetic fingerprint (2015)
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Magnetic Fields in Molecular Clouds
o PLANCK XXXV 2015: dust polarisation in molecular clouds
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—> magnetic fields are dynamically important

—> by comparing with num. simulations: B=4 ... 12 uG
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Formation of Molecular Clouds

19.20 Myr
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dynamical MC / GMC formation
out of the WNM atomic media (e.g. Biitz et al. ,2007, PPV, also Brinks,Walch talks)
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Magnetic Fields in Molecular Clouds
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polarisation measurement of G11.11-0.12

—> from CF-method strongly magnetised massive IRDCs: > 260 pnG
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Magnetic Fields in Molecular Clouds

17"46™10° RA. (J2000)  17"46™10°

in G0.253-0.016 IRDC: Bt > 5 mG

Pillai et al., Ap) 799,2015



Magnetic Fields in the ISM

* stronger magnetic fields in dense regions

| | | | | |
o
Crutcher 2012
0.65
103 - Bmax o n . .
°
N p
s
o
% 102 | —
g
o
- [}
107 o -
T
e
o
]00 | 1 | |
10! 10° 108 107

ISM in the Nearby Universe, Bamberg, March 27, 2018, Robi Banerjee



|Byos| (HG)

Magnetic Fields in the ISM

* stronger magnetic fields in dense regions /M?neﬂc
# field
_

—> B gets compressed due to flux-freezing: // o

— AP — . / A 4/
® = A‘B = const. //// o2

* spherical compression:
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Impact of Magnetic Fields

magnetic flux is frozen into the plasma:

—> j T ——
. I HELIER
mass-to-flux ratio: | 1l I 'f ,;,‘ |
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critical value for collapse:

lerit = 0.13/VG spherical structure
Mouschovias & Spitzer 1976

~ 0.16//G  uniform disc
Nakano & Nakamura 1978

1
Merit = - :
2T VG
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Magnetic Fields in the ISM

|Bos| (HG)
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Magnetic Fields in the ISM

|8Los| (nG)
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Magnetic Fields in the ISM
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Magnetic Fields in the ISM
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Impact of Magnetic Fields on MCs

critical mass-to-flux ratio: /et = (-)-13/\/E

=—> minimal column density:

B
Noi ~ 2.4 x 10*' cm ™2
t X CIn (10 MG)

—> minimal length scale:

B n —1
Lcri ~ 1 ] ( )
e~ 107 pe (lOuG> lem—3

—> accumulation scale:
Lace = 1.2 kpc (B/3 uG) : L. Mestel PPII (1985)

—> time-scale for colliding flows:

B noo\! VUflow -1
tcri ~ 1 M ( ) ( )
e~ 100 My ( 10 uG) lcm—3 10 km sec—!
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SF from Magnetised Medium

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

—> old picture: AD-mediated star formation

(but, Osterbrock 1961:AD not efficient)
® Turbulence + AD (e.g. Heitsch et al. 2004, Kudoh & Basu 2008, 2001)
* Turbulent reconnection (Lazarian & Vishniac 1999)
* Ohmic resistivity (e.g. Dapp & Basu 2010, Krasnopolsky et al. 2010)

* Super-Alfvenic turbulence:
(e.g. Padoan et al. 1999, Mac Low & Klessen 2004, Ballesteros-Paredes 2007)

—> no need for flux loss:
clouds assumed to be supercritical
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SF from Magnetised Medium

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

—> old picture: AD-mediated star formation

(but, Osterbrock 1961:AD not efficient)
® Turbulence + AD (e.g. Heitsch et al. 2004, Kudoh & Basu 2008, 2001)
* Turbulent reconnection (Lazarian & Vishniac 1999)
* Ohmic resistivity (e.g. Dapp & Basu 2010, Krasnopolsky et al. 2010)

* Super-Alfvenic turbulence:
(e.g. Padoan et al. 1999, Mac Low & Klessen 2004, Ballesteros-Paredes 2007)

—> no need for flux loss:
clouds assumed to be supercritical

—> correct assumption ?
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Simulations of colliding flows

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

: Mnf: 23X104 M@

— N=7x10%0 cm™
* vinf = 14 km/sec

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

+ ambipolar diffusion

256 pc

eBx=1..5uG
—> ,Ll/,Llcrit ~3 (B/lLLG)_l
: tcrit ~ 5 Myr (B/IMG)
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RB et al. 2009, B. Kortgen & RB. 2015



Simulations of colliding flows

influence of magnetic fields

0.00 Myr

Box
ISM in the Nearby Universe, Bamberg, March 27, 2018, Robi Banerjee



Simulations of colliding flows

influence of ambipolar diffusion

7.00 Myr

6.90 Myr

ideal case 5 _ 4uG with ambipolar diffusion

ISM in the Nearby Universe, Bamberg, March 27, 2018, Robi Banerjee




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
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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

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

log(N [em™]
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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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Global Galactic Simulations
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Global Galactic Disc Simulations

with constant 3 = Ptherm/Pmag = 0.25
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Global Galactic Disc Simulations
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Global Galactic Disc Simulations

Parker Instability
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Global Galactic Disc Simulations

Parker Instability

t = 100.0 Myr
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—> supercritical GMCs from along magnetic field lines

B. Kortgen, et al., submitted
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