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Density spectra of interstellar turbulence
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Universal self-similarity in density distributions

Star-form

T TT7TT]

Lilul 1 L1 lll!l 1 1 Ll
102 10* 104
M (M) M (M)

AL T LLRLLLE TTT ITYTI LILIRAL TTTT T T HTI TTT ”TI T T T

LR

T

T T T T1T1IT

[T

LALUL 1 Ll ll“l - LAl 1L 1 1 L LAl
102 109 10 102 10°  10¢
M (M) M (M)

Williams et al. 2000




Supernova driving of the interstellar turbulence

Padoan et al. 2016



Turbulent magnetic fields in the ISM
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Turbulent magnetic fields in the ISM

Lazarian et al. 2012

Crutcher et al. 2010




MHD turbulence
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MHD turbulence
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Turbulent dynamo

Magnetic field

Turbulent eddy

Stretching vs. Diffusion



Turbulent diffusion

<Turbulent reconnection & reconnection diffusion
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Lazarian & Vishniac 1999



Microscopic diffusion

Strongly coupled
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Dampina in partially ionized gas

Strongly coupled Weakly coupled

| o

Cutoff region

>

Large scale Small scale



Damping in partially ionized gas

Damping Damping
of turbulence of waves (plasma instabilities)
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Damping in partially ionized gas

ISM phases

Damping scale

Alfvén

fast

slow
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Xu et al. 2016
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CR propagation in the damped MHD turbulence

Scattering of CRs in the presence of damping
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CR propagation in the damped MHD turbulence

Parallel mean free path of CRs in the presence of damping
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Turbulent dynamo in supernova remnants (SNRs)

Preshock
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Beresnyak et al. 2009 Draine 2011



Turbulent dynamo in supernova remnants (SNRs)

Preshock
Shock front

Final distribution of the magnetic energy

del Valle et al. 2016



Turbulent dynamo in supernova remnants (SNRs)

Preshock
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Turbulent dynamo in SNRs

Postshock
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Inoue et al. 2009



Turbulent dynamo in SNRs

Preshock

® Damping kinematic dynamo
Severe IN collisional damping
Ambipolar diffusion

Linear-in-time growth of B
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<> new dynamo regime
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Xu & Lazarian submitted

Postshock

® Nonlinear dynamo

Equipartition between E; and E,

Turbulent diffusion
Linear-in-time growth of E,
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Turbulent dynamo in SNRs

ﬁ Damping kinematic dynamﬁ

/0 Nonlinear dynamo

Energy spectra
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Turbulent dynamo in SNRs

ﬁ damping kinematic dynamh /0 nonlinear dynamo \

Energy spectra Energy spectra
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Turbulent dynamo in SNRs

Preshock
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Turbulent dynamo in SNRs

Postshock

2009)

Comparison between our analysis & simulations (Inoue et al
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Turbulent dynamo in SNRs

Comparison between our analysis & observations

Chandra X-ray images of the western shell of SNR RX J1713.723946.

® Amplification of the
magnetic field by a
factor of more than
100 (~ m@G).

® The X-ray hot spots
observed is located at
more than 0.1 pc

behind the shock
front.

Uchiyama et al. 2007



MHD turbulence
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