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What is an Accretion Disk?

Elattened, rotionally supported, gas accreting onto a
“eentral gravitating object over the course of many
orbital periods.

ARgeod fluid, i.e. a high collision rate and a short
BE€an free path (not true in a disk corona or jet).



Accretion Disks are Ubiquitous

rotostars - accretion from environment-
winds & jets

@ataclysmic variables (white dwarf accretors)



A Theoretical Cartoon:

Corona/Outflow -
collisionless, hot,
nonthermal emitter

rotationally supported -
resistive MHD




An Observational Perspective:

Bread spectral energy distribution.

Lwith jets.

Consp tcuow ISsion lines, often in
conjuncuen Wuh eptically thlck continuum.



Accretion Disks are Important

RS RBSIEElRexample par excellence of
dynamnie [liR@Etant magnetic fields.



 Flow of Mass, Energy and Angular

\ Momentum |
Specific angular momentum of a fluid

ment determines its radial position in the

b\/ € UId element goes mto its orbital motion.

uhu [@eeéllly or at a larger radius. (The
WEWERERIIE O angular momentum has an

assoclated eEleVaire
v of angular momentum drives

vitational energy.



- Viscosity and Other Fictions

YAccretion disks rotate differentially, with the
angular frequency decreasing outwards.

Consequently, friction between annuli will
automatically transfer angular momentum




Physical Equilibrium for Shakura-Sunyaev
| Disks:

ertical nydrostatic equilibrium implies
B2 = ESZ or All=c,

pthin disks, Z2<<r ¢, <<r2  gravity
Ihates the radial structure so that (r)o<

=32



Ss accretion rate is roughly

M= o She, = a, PhQ™

@ for a constant flux of mass (and ignoring the
ltterence between the surface temperature
d the midplane temperature

T oc r—sm

P oc r—zl.-'ﬂ

h o FE'.’EI
are based on the notion that angular
sed outward within the disk, and
ted locally is efficiently radiated
h less time than it takes for the



Time Scales

ynamical rates (for vertical pressure

palance etc.) -, ~a()

mal rates (for vertical heat transfer, also
tic flux IOSS) Tm_l = {:I:.'”ﬂ(r)

Tj.tﬁa]l_l = ﬂs@(ﬂ(%)g

have h/r of order unity and
ccretors as well (ADIOS
nd Blandford).



- Diagnostics and Constraints

BNIRE surface temperature does not depend on a,
and diagnostics of a stationary disk reveal only
products of a and other unknown quantities.

slowever, disks whose average temperatures lie
[ilthe partial ionization range for hydrogen are

low) = 0.01



The Physics of a

In&lly (1973) it was assumed that accretion disks
ld Be violently, hydrodynamically unstable, giving rise




the disk. This stretching will have the effect of
adding angular momentum to segments that
eli€ displaced outward and subtracting it from
IIE&Segments that are displaced inward. (Like
EREthered satellite experiment, except that it
worksy)

IERGIREUEWIll reinforce the outward (or
QUENSINICE ., . /3 11 for v << (afi€ld line

segments (EE0Oll twg)@%tﬁgquswggrgssed at

qrowih Sie



Simulations of the MRI

EGiS VIRE has been simulated in "shearing

Srandenberg)

three dimensionsz, ~* ~—_s saturaik;s in
sliuroulent state witi; 2 and

€2

2 ‘ rt is mostly
%} 4?r,:)<vrvg>



IEREEERValue of a is typically 0.01 or less near the disk mid- ‘
MERIEN(@FEVerywhere in simulations with no vertical gravity). |
howu/u thE€ average magnetic stress is almost uniform over
eRISWACERSItY scale heights, so that the vertically averaged a

IS ptob close to 0.1. The mechanism for saturation is not

T hcbshnul tions are all “toy models™ with very simple models
REBRERESKkplasma. The hope is that if can understand the |
o'\/ nama pm &8ss and the MRI instability in detail, we won't



Isk Dynamo: Generating B for the
MRI

retion disk dynamo is a standard example of
=0)" dynamo, in which the azimuthal field
lponent Is generated by shearing the radial field,
he radial field is generated by eddy-scale

fronb tgg %zir(ryahgljl Jg<1§>)

3

™ _EQBr T (DgDng)Be

[ x (Lt2’gZ13)+ (DeD, g0)B,
Involves keeping only vertical

ritical for the dynamo effect.



do we estimate <v x b> in MRI
turbulence (or anywhere else)?

gual to zero. Take its time derivative, and
ply by the turbulent correlation time. In an
ironment without bulk flows this gives

<V><b> £, (VOv, ~b0db )BT, 4mp=1

Ing to the usual rules of this game, we can
ocity term equal to some value set by
ent, and it will determine the

rce until the magnetic back
second term) becomes large.
econd term does not stay small
d Diamond, Hughes) and the

throttled in its cradle



Magnetic Helicity

‘frace of the magnetic teriis . In the
tulomb gauge this is closely related to the

agnetichplicify o o
IS IS a conserved quantity.
d H = —?-(Hﬁ—l—ﬁ(@— L;-’!-Lii}))
Vid=Ve(¥xB
Ve

onditions are equivalent.



he Conservation of Magnetic Helicity

[ we average over eddy scales, then the

magnetic helicity becomes
<ﬁ-§>= <ﬁ>-<§>+<.€i- E)E H+h

evolution of H is given by
o H = 25e <ﬁ :*::E)— Ve (<(E_;- A)ﬁ>—|—§¢'— <E ﬁ-z_“-";>)

v@:v-(wﬁ}



amo can only work by creating equal and
ite amounts of magnetic helicity on large

pSeale, times the small scale magnetic field energy.

BRven this is unrealistic. The magnetic helicity h
Interact coherently with the large scale field,
BGlli€ing motions (through the C<E§.}>t helicity
JRURERRWII transform h into H. 1 he rate for this is
| = °B°’T ‘

orr

D requires a systematic magnetic
g local accumulations of “h”,
ynamo through the nonlinear



ddy-Scale Magnetic Helicity Current

SS'the large scale field is very weak, the
f[Se cascade is faster than anything else, so

B, B T
<V><b> S o g/,

e eddy scale magnetic helicity current
be calculated explicitly. Itis

perfectly symmetric
O wWe need to get a non-zero



etry Properties of the Magnetic
Helicity Flux
Hux IS invariant under a reversal of the

netic field. It will depend on even powers of
large scale magnetic field.

ux is invariant under a parity transformation.
€ nonzero in mirror-symmetric turbulence.

lux requires symmetry breaking in 2
rential rotation will provide this.

linteresting, but if the large scale
ith position, then div J will not



1ple Model of the Accretion Disk
Dynamo

some Iinsight by simply writing the
sighietic heticity current in the vertical
“ Plugging this into the
| Zz%gglecgit@g:th% dissipative terms,

UERMINGIEREllREXx ponentially growing

RS e R TR M annatice halicrityr AF1irrant



agnetic Helicity Flux for the MRI

n evaluate the magnetic helicity flux to
Silinear order by taking the time derivative of
relations between the fluctuating magnetic and
ity fields and multiplying by the correlation
the presence of differential rotation we
Invert the effects of shear and the Coriolis
al forces. The final expression is

ed. Howewer, thadMRR| praduces



The MRI Dynamo



BRIEYEXistence of a dynamo depends on the



pased on the simulations done to date, |
il & eraged Shakura-Sunyaev “a” will not
Qut will vary with the distance from ‘



The Effect of Accretion Disks on Their
Environment: Coronae

B real disks, as opposed to periodic
Simulations, the magnetic helicity current will
emerge from the disk photosphere.

the disk can also inject
al from runaway heating. It
eldditional dynamo in the



Poloidal Flux
8 ysual assumption is that entrained flux

drocess Is balanced by the outward turbulent
gliffusion of bent magnetic field lines. This

e (C2751eMon) o (5,

nEeenwords, the field lines bend very
SieRl@asSthey pass through a narrow disk,
e mInnitSithe accretion of external flux to a
negligible GV

NEsISenneRthIS effect, Blandford and Payne
ARCREISEeNIEEieto-centrifugal jets, launched



agnetic Helicity and Turbulent Diffusion

ine electromotive force in a turbulent medium, has
a piece of the form:

-D,J, Dy ( ) corr/3

ISNIS zero in Alfvenic, isotropic turbulence. When
Z spiesttitbulence is anisotropic due to shearing, the
WISIon coefficients differ and attach to the
IR atc gradlent When the back reaction is
large, thie el us:on is supprigssed by the factor
RS ldittusion of entrained flux is
supplressel /3 Wthe ratio of the perpendigtﬁ@/ ,
SEIACIISESHO the total field. B






1en does the environment supply
enough magnetic flux?

Since the accreted poloidal field has
nowhere to go, whether or not one gets an
inner annulus dominated by a large scale
Reloidal field will depend on the
ironment. In general, it’s not obvious
WKt this means for systems that accrete
saeinmtie ISM. We can look at binary
SeeRsilg systems, and assume that the
SECASHCQINCISK can accrete some fraction
SRNIERMONOr Star’s poloidal field,
SEEMIEEd DY the siz the disk. This
will beh\yeely il ff Y\



- Plugging in Numbers....

@OVIC , for otherwise identical accreting
Systems, this is more likely to give us a strong
Roloidal field when the accreting object is a
pact object, the smaller the better.

amwante dwarf near the Chandrasekhar limit,
aeereiing at 10°18 gm/sec, with an externally
RUAESEd field of about a gauss, and an inner
SISIEtelilS of ~3x10710 cm, will fail to acquire a
Sasnneaseleiclal field by a bit more than an order
SIIEenIeiesin the same kind of system a
NENseeRiigeasily acquire a strong poloidal
field.




Conclusions

=" [he magnetorotational instability can drive an
‘Internal disk dynamo. This makes angular
momentum transport within an ionized
;cretion disk self-consistent.



