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Turbulence on star formation

at pc scales




Turbulence on star formation @ pc

MHD turbulence: important for ISM
structuring and star formation

A related key question:

How is magnetic field diffused
outward to allow cloud collapse?



The magnetic flux problem

Diffusive mechanisms usually invoked:
Ambipolar diffusion (AD)
Hyper resistivity: nature? (Shu et al. 2006)

Which one dominates?

AD expected to dominate late stages of
collapse (when gas partially ionized);

Early stages? Controversy (see Shu et al. 2006,
and papers by Crutcher and Mouschovias)



New scenario

Diffusion through turbulent reconnection.

Due to turbulence: field lines reconnect,
changing their topology and then magnetic flux
escapes from denser regions.

= Lazarian (2005), Santos-Lima et al. (2010)



Underlying physics

Turbulent reconnection: - L, _
- =
,l//g;éet—Parker modé;\\;\

(e

* Recently tested in numerical simulations by Kowal
et al. (2009) (Grzegorz's talk)

e Lazarian & Vishniac (1999)
fast reconnection model
(Alex's talk)

Turbulent model



Magnetic field diffusion in gravitating

clouds: 3D simulations

* One fluid model;

* Gravitational potential
with cylindrical
symmetry;

* Periodic boundary
conditions;

e Isothermal EOS;

* Magneto-hydrostatic
equilibrium / out-of-
equilibrium
homogeneous fields;

* Injection of

subAlfvenic
turbulence

From Crutcher
(IAU2009 JD15)

log p



Magnetic field diffusion in gravitating

clouds: 3D simulations

(starting out-of-equilibrium)

3.5

| vturb gg —8— * Removal of
3.0 r with turb = ' magnetic flux from
. 25| turbulence the central regions
‘i‘\} aol \ } } + } + + } } } ’ (strong-gravity);
Dg: 15 mmes EEE seszgzad * Gas inflow into the
V. oqol ? /@ central region;
without ]
0.5 $ turbulence * Reduction of the
00 Le® . . . flux-to-mass
0.0 0.1 02 03 04 05 ratio in the
radius central region.

(Santos-Lima et al., ApJ, 2010)



Higher efficiency of diffusion for:

* Higher gravity

B=1, Vs = 0.8

VAJJ A ntu*r*bXVTmsginj

14 0.6 <0.015
14 0.9 ~ 0.03
14 1.2 ~ 0.09

* Higher beta
A=09 (& =—A/r2), Vps = 0.8

B VA,D '??tu’r*bXVTmsginj

0.3 24 ~ 0.03
1.0 14 ~ 0.03
3.3 0.8 ~ 0.06

(Models starting from magneto-hydrostatic equilibrium

with beta constant)




Higher efficiency of diffusion for:

* Higher turbulent velocity

B=1,A=0.9

VA,D Vims ??tufr‘b/vr‘ﬂzsiinj

14 08 ~ 0.03
14 14  ~0.18-0.36
1.4 2.0 2, 0.37

(Models starting from magneto-hydrostatic equilibrium
with beta constant)



Effects of numerical resolution
on the turbulent diffusion
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Self-gravitating clouds

Self-gravity + external potential (~1/r?)

see poster by Leao et al.



Self-gravitating clouds

0.26

ﬁo _ 3 0.24 r

0.22 |

central pot. + self-grav
central pot. + self-grav + turb. -------

without
turbulence

0.2;.:‘.

0.18 I

<B>.19/<P>p.10

0.16

0.14 r

0.12 | “./4  with turbulence

0.1
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time

Efficient removal of B-flux from the central region



Star formation effects on
turbulence and structuring:

at kpc scales



Star formation turbulence feedback

Star formation feedback is a fundamental
iIssue In the evolution of galaxies.

Galactic winds from star forming galaxies are
known to be driven by star formation/SN
turbulence.

We explore the role of star formation/SN
turbulence in even larger scales: cores of
galaxy clusters.



Perseus: brightest galaxy cluster in X-ray

The Perseus Cluster—Abell 426

distance 75 Mpc—1 arcsec = 370 pc ~ Perseus
L
L =3E10L__ A |

> M(*) ~ (few) E11 M_

n

L =3E45 ergls

M(gas) ~ 7E13 M_ of

n

M(dyn) ~ 1E15 M_

n

Virial radius ~ 2.5 Mpc



5600

5400

Cigan, Gallagher et al. 2009
Fabian et al. 2009







MHD simulations of central region of Perseus

MHD turbulence due to SF:

0.1 SN/yr - 10°° erg/Myr
Injected within 5 kpc:
1< Linj < 3 kpc

L (kpe)

~ Radial filaments:

< 40 kpc

n = 0.01-0.04 cm™ (10-100na)
v = 100-500 km/s

B dragged and

compressed: 5-20uG
(comparable to

Fabian et al. 2008)

L (kp=)

I . Falceta-Goncalves, de Gouveia Dal Pino,
JLos(B?/Bg)dl/L Galagher, Lazarian, Ap) lett. 2010a
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SF-SN turbulence: could explain
Isotropic ripples and weak shocks

1 arcimln

Alpples i Rty i 3 a Ha fountain
- " "
NW Ghost bubbile

hoc K front

Falceta-Goncalves, de Gouveia Dal Pino, Gallagher, Lazarian ApJ lett. 2010a



MHD simulation of Perseus:
SN turbulence + AGN jet In center

Turbulent kinetic energy not efficiently
converted into heat: additional heating
required to suppress cooling flow = AGN

L =10%ergls

AGN

V., = 10* kml/s

Falceta-Goncalves et al., ApJ. Lett, 2010a

Fabian et
al. 2008




MHD simulation of Perseus:
with precessing AGN jet in center

Radio map X-ray image

Precessing
jet can also
Isotropize
) injected
Simulated AGN Simulated AGN energy
emission measure distribution
X - Falceta-

Goncalves et al.,
ApJ. Lett, 2010b




Turbulence effect on star formation @ pc:

* MF removal from collapsing clouds and
cores, which is usually attributed to AD, can
be successfully accomplished with turbulent
reconnection only.

* Turbulence can play a role in the removal of
B-flux in different phases of star-
formation and make molecular clouds -
subcritical - supercritical.

Further study:
Investigation of the relative role of the AD

versus reconnection diffusion.



Star formation feedback @ kpc:

 Star formation/SN turbulence explains
Isotropic distribution of filaments, magnetic
fields an weak shocks and ripples around
central galaxy in Perseus cluster.

* Cluster of galaxies: AGN represents the
main source of heating against cooling
flows, but MHD turbulence (a dominating
source of momentum) may be necessary to
help to isotropize heating distribution.
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Turbulence on Star formation @ pc
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