A Multi-Scale Approach to MHD
Turbulence in Accretion Disks

Chi-kwan Chan
ITCERCFA

Thank: D. Psaltis (Arizona), M. Pessah (IAS);
R. Narayan (CfA), R. Shcherbakov (CfA); S. Succi (CNR)



Case Study:
Galactic Center

Chan, Liu, Fryer, Psaltis,
Ozel, Rockefeller, Melia
(2008)
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@ Pseudo-spectral code
with super-vanish
viscosity

@ Vector potential for
magnetic field

® Pseudo-Newtonian
gravity |

@ Properties of linear
growth agrees with the
MRI

Wavenumber k
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Limitations

@ Need General Relativity
@ Need Vertical Structure

@ Need Plasma Physics



Limitations
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Plasma Physics

MHD Turbulence

Vertical Structure

General Relativity
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Multi-Scale Problem
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"Gapless” Energy Spectrum
N ~ Re?* > 10%
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Magnetic Energy B?

Current Square J*

Dvar Contaurs
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S. Fromang et al.: MHD turbulence in aceretion disks. 11
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Fig. 2. Snapshot of the density (left panel) and of the y component of the magnetic field (right panel) in the (x, z) plane for model 128 125Pmd.
In the former case, the local de s normalised by the mean density in the box. In the latter case, the magnetic field is normalised by the square
root of the mean thermal pressure in the box.
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Fic. 12, Magnetic field lines in the simulation domain at 90 orbits (/eft) and 150 orbits (right). The lines are color coded with the local fluid density scaled by the
horizontally averaged density at the same height.

Blaes, Hirose, Krolik 2007
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We Oss IS a scale
dependent "constant”
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(XSS ~ [byb,*d3k/P

King, Pringle, Livio 2007:
Xss Tfoo small
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We Oss IS a scale
dependent "constant”

Different meanings at
different scales
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@ We ARE doing multi-scale studies

@ We ARE doing consistence check
log Ex

@ We ARE taking full
advantages of our simulations!

Small boxes
give small Oss
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@ Maybe study large scales only?
Forget about small scales?
log Ex
@ Old codes evolve thermal
energy, turbulent energy
disappear to nowhere

@ New codes evolve total
energy: on-the-spot
approximation

@ New codes give thicker
disks: sub-grid does
matter
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8Ty @ Maybe study large scales only?
Forget about small scales?

@ Old codes evolve thermal
energy, turbulent energy
disappear to nowhere

@ New codes evolve total
energy: on-the-spot
approximation

@ New codes give thicker
disks: sub-grid does
matter
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@ Maybe study large scales only?

Forget about small scales?
log Ex

Vx

Dissipated by shocks
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@ Maybe study large scales. only?

Forgetr.e- " "=mall scales?
log Ex
@ Construct sub-grid models fo

capture important physics: MRI
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® Sub-grid modeling by mean field MHD: average over
MHD equations

® Mean turbulent stress:
Tij = Rij = Mij = <V'iV'J'> = <b’ib’j>

® Mean turbulent EMF:
Ei = <u'><b'>i

> from simulations, find
>d them back to‘simulations!

@ Ideallly, medsure Tj; and
transpor¥ coefficients, f

Dynamo people Engineers Accretion people
care about this  care about this care about this



A Model for MRI-Driven Turb.

@ Use our knowledge of MRI fo construct a minimal
turbulence model (Pessah, Chan, & Psaltis 2006)

@ Minimal equations containing MRI

Vx 0.4 26 I N

Vy -(2-q) 0 0O ik || vy
. 0@ 0D b,

Y e don k4

@ Derive dynamic equations for 2nd order correlations



4 (bx >=< bx)

@ How to model (ikbyvy) ?
(ikbex> = IK (bex>

@ Wont work, because (unstable) fluctuations are out
of phase, {biv;} always small

@ Define
Wiy = - (ikbyvx ) = (bxwy>

@ Treat it as new dynamic variable,
closure at “second moment” in ik
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e B, no net flux
A B; net flux
m By net flux
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Super-Grid N\odeling—§> Sub-Grid Modeling
log Ex Boundary Conditions «—=— Mean Field MHD
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Global simulations tell local
simulations how to shear; while
local simulations tell global
simulations how to transp:



