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Local ssmulation of an accretion disc

An example of collective behavior in a simulation
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Motivation for mean-field theory

* Not an excuse not to do gobal simulation!
— Still need to understand results

— Example: differential rotation
* till Reynolds gress& baroclinic term

» Karlsruhe dynamo experiment
— Cartoon picture understanding: model for eath
— Mean field theory: inclined dipole (S1-field)

e Locd disc amulations. SO-osc versus AO-st
¢ Sun: we see collective behavior
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Observe collective behavior
- mean-field theory
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The old cartoon picture
New loop
Differential rotation Cyclonic convection; Equatorward
(prehdioseism: faster insde) Buoyant flux tubes migration
' > a-effect
?nea meridiona circulation
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Quenching of alpha

* |sotropic box simulations:
— n,is“caastrophically” quenched
(Cattaneo & Vainshtein 1991, because 2D: Gruzinov & Diamond 1994)

— a is*“catastrophically” quenched
(Vainshtein & Cattaneo 1992, Gruzinov & Diamond 1994, +others)

o= o doesnot  a,+nR,JB/BZ
1+R,B?/BZ, exclude- 97 1+R,B%/ B

 Astrophysical simulations:
— o small even kinematicdly (R, dependence?)
— B isdefinitely strong
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What's wrong?

Imposed field approach suspect?

— <B> forced to stay unchanced, J=0 always!
Something wrong with forcing? \M,R’m/sz
— thermal/magnetic buoyancy different LR
Boundary conditions? (siackman & Fieid 2000)

— but alpha should be determined locally?

Need to determine o and n, sSimultaneously
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Helicdly forced MHD

: Magn. =
Induction a—A:UXB—I’]J V:ggr J=0xB
Eqution: gt potential B= XA

Du

D_t:—cSZDIn p+%[\]XB+[J(D2U + 500 EU)]+f

Momentumand DInp _ -
Continuity egns Dt

+ forcing function: polarized waves
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Spectraand dices of B
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Magnetic Prandtl number = 100

t= 0.0
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What causes large scale field?

* Inverse cascade of magnetic helicity
— Frisch et a. (1975), Pouquet et al. (1976)

— Intrinsically nonlinear

Nonlinearity of Large Scae Dynamos

» Alpha-effect (nonlocd in k-space)
— Steenbed, Krause & Radler (1965)
— Exists adrealy in linea approximation
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Large scale separation

Nonlocal inverse
Transfer in k-space

consistent with
Kiax =0 1(277)

—>Evidencefor
Alpha-effect.
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Convergence at large scales
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Faster growth if Rmislarge
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Saturation slow-down
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Large and small scale helical fields
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Saturation behavior explained by
magnetic helicity conservation

%{A [B) = -2n(J B) + surfaceterms

Steady state, _
closed box <J DB> =0

Small scale and <j [§> +<j [ﬂ)> -0

Iargescale_ _
nace —> k(5% =k (0?)
With hyperdiffusivity

Brandenburg & Sarson (2002, PRL)
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Slow-down explained by
magnetic helicity conservation

S(AE)=-2n(278)
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Comparison with quenched
mean-field models

5=} e

Ought to be satisfied also for magnetically driven instabilities!

a= e e
1+aB“/ B -
10781 08| //_ simulation
a. - A /(’7"(f kl) i:—lz_ :::n ." - - - helicity ean.
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Excellent fit! <§z> :<b2>k_kib_e_mkf(t_t5)]

/_ simulation _
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Other quenchings ruled out

1.4 .30 :
025)' .
04 ' lorentzian
o8 fzape ___oton
" a.sh
11
a.4 o0 lorentzian] o af] ',
Ll
cep atan W aesfl %
0,2 .
’ o.0a =
aq

q =i2§_—tan‘l _BEZ E a k

1+a,B?/BZ

Nonlinearity of Large Scae Dynamos 25

Taking magnetic helicity seriously

d

—((AB)=-2nJ(B

¢ (atB)=-2n(31B)
Two-scale assumption E=aB-n,.J

d — — . _

(AB)=+2EB)-20JB) =g, +a,

d _ .

d—t<a[ﬂ3> =—2(EMB)-21(j ) a, = -Lr(o )

- Dynamical a-guenching (Kleeorin & Ruzmaikin 1982)

EaM o <EE§> ra, - Steadylimit: consistent with V/C92
dt B, - o= o+ RIBIBL

1+R B?/BZ
a=Alnkk) a, =ir(jm)
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Dynamical quenching in a%-dynamo
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- Agrees better with simulations
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Dynamical quenching in a%-dynamo

dynomical lorentzion

0 20 40 60 80 100 0 20 40 60 BO 100
i t
- Dynamical quenching allows faster growth

Nonlinearity of Large Scae Dynamos 28

Dr. Axel Brandenburg, ITP & NORDITA-Copenhagen



The Nonlineaity of Large Scale Dynamos (ITP Slar Magnetism Program 2/13/01)

Universality

» With lorentzian, a neals to be aljusted
« With dynamical quenching, a=A/(nkk)
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Additiona effect of shear
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Additiona effect of shear
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Conclusions

» Solar large-scdefield & collective dfect
* Mean-field theory - a-effect ill understood
» a-effect, or nonlocd inverse cascade

— Resistive time scde

— Large scdefield is dill strong

— Many quenchings can be ruled out

— Dynamicd quenching gives best description
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