Accretion Processes in Astrophysics and Laboratory Plasmas

Axisymmetric thin disk model

\
Accretion disk configuration around a central object.
- Stationary configuration
- compact: Ms ~ 1.5 — 2Mg,
Features Rs ~ Rsch = 2G'Ms/c?
- strongly magnetized: B ~ 1012 — 104G
N /
Thin disk condition: Ho(r)/r < 1
: GM
Newton potential: x(r,z) = — >
Ve + 22
: . _ 1 I B 1 .
Axisymmetric Field: B = ——0.vé, + —€4 + —0r)e,
T T T
Mo?“2
Dipole Field approximation: YD

~ (2 ¥ 2)32

[ Corotation theorem: w = w(y) }

— Ho: half depth of the disk.
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Fluid Dynamics

: avr aX 8p
- Radial Eq: p— — 2r — =2 — =0
4 Potr g — 10 (w " 8?“) + or
. op ox
- Vertical Eq: =
q 0z paz
M o5 2
- Azimuthal Eq: M 9j = _aﬂ szoHo’r38—w
27r or 3 Or or
M
- Continuity Eq: oM =0
or

Definitions:

2 = / pdz M = —27rXu, J = T4

_ZO

po=p(z=0) w=-2

[G.S. Bisnovatyi-Kogan, R.V.E. Lovelace, New. Astro. Rev. 45, 663 (2001)]
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Keplerian Disk

In the case of a polytropic equation of state

p=rp'ttH

from the vertical equation we have that

-n(1-55) = len) (ip)
p=ro H2) ~ [2k(7 + 1) HZ

Isothermal case: p = xp

22 2kr3 1/2
= pp ex —— Ho =
P = PO D( H§> 0 (GMS)
s — 27K po7°3/2 vso = VR
GMs

ot }
w X WK = 3

From the azimuthal eq, introducing the coefficient «,

M 2 ow
— (j — jo) = ZaXvsgHor3—
o (J — Jo) 304 Usp110 o

Positive value of jo corresponds to a negative total flux
= The central body accretes its total angular momentum.

Ngative value of jo corresponds to a mass increase
= Te central body decreases its total angular momentum.
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Shakura Standard Model and its issues

\
The inward matter flux is due to viscous stresses.
The coefficient « scales the viscosity coefficient 7,:
2 .
Ny = gozpvsoHo <— M = 47roz,0vsoHC2, = Trp = —ozpvfo
N /

Turbulent enhancement: a non-vanishing viscosity exists in quasi-ideal
astrophysical plasmas, but the Shakura paradigm hides in « every effec-
five treatment needed to reach the observed accretion rate.

Let £ < 1 be an efficiency such that the luminosity Lacc = £Lgqq:

GMsM,, G Msm,c ¢ Rs/fth
Tt == = asn=¢
Rs OTh vso Ho Ho
where o1y, is the Thomson cross-section. The microscopical viscosity
due to ion-ion collisions is estimated as:

The effective parametrization accounts for several orders of magnitude
with respect to microscopical conditions:

ash 2€ ¢ Rs /1

Qg 3 vs0 Ho 4

~1073.10%.1072.1019 = 108
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Towards an alternative paradigm

4 )
Generalized Ohm Law: background Bo and backreaction B;
= 1 - - c? 1 B1
E —(Ux B)y = J. = wuv.Bp~———
¢+ c (0 )¢ 6/0 tr0 Ao A
A is the backreaction length-scale, responsible for the induced currents.
N /

The Magnetic Prandtl Number: since v, depends on radius r and vis-
cosity 7, we can derive:

Amon, N r B1
o2 ABg

PrM(ne, T) =

It can be shown that PrM > 1 in typical disk ranges
- 108 <n. <10%2cm—3

- 105 < T < 108K

~

In the Standard Model, B1 < Bpo and XA ~ r ~ Rgj.:
effective small PrM with a surprisingly small effective conductivity.

For reasonable B; < Bg, the huge values of realistic (i.e., non-effective)
PrM ask for the formation of microstructures with A < r ~ Rg;sk.

.

[G. Montani, J. Petitta, Phys. Rev. E 87, 053111 (2013)]
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Local Formulation

-

- We choose a fixed value »r = rg
- Isothermal condition
- Hierarchy ordering of the gradients

w ™~ wK + dw ~ wk + Yidw/dipg

~

Y=o+ Y1 (Y1 < o)

p = p(ro,2°) + p(ro, 2%, 7 — 10)
P — E(TO7 22) +ﬁ(,r07 Z27T - TO)

Vertical
Configuration

Radial
Configuration

(

D( 2) — ﬁ _ 22
D=t = (i)

AKRT
{ po(ro) = p(ro, 0), HSE—32
Wi

0:b + wiezp + 5 (9241 4 07¢1) 01 = O

2
\ O

(W~ wi + 8w ~ wo(o) + whipr

2wiro(p + Pwods + 72— (921 + 7¢1) Oribo =

To

Pt s (8r41)? SOp1029h1
0

[B. Coppi, Phys. Plasmas 12, 057302 (2005)]
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