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Thought for-the Day:

<Truth is rarely pure and never simple”
Oscar Wilde
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I. Introduction




—> What and How?

--- 3 foci of attention: : heat ,
current o o

magnetic lines particle orbits thermodynamic quantities | momentum,
particles

= - V-B=0
--- magnetic lines: ->Hamiltonian trajectories ( )

-- “stochastic” (usual MFE perspective) :
- atl z}jrapunov exponent >0

—>results from magnetic resonance overlap
. v ; e s =
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= Origin? :
--- error field ,RMP etc
-> static stochastic field...
-> clear...
--- MHD driven island (slow: T 2> Tparticle )
-> quasi-static field, though feed back possible...
- murky..
--- micro turbulence i.e. Kinetic A. W,
-> dynamic magnetic flutter §F x B advection {r ~ Tparticie )
—> Why 7
--- electron inertia small, x| > x1
—bz  ~ [ ! v %J-O—(Q -> small§ B gives large excursion
--- stochastic field models focus on electron thermal and
(a little) on current transport
--- electron thermal transport frequently seems to decouple
from other channels and micro turbulence %not
measurable in core.
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=> Basic Scales:
b = parallei auto correlation length of magnetic fluctuation ﬁeld
/bl Thendd AN o 4
~ (%ﬁi’—'_l), Rq|A8;| > determined by spatial structure of scatter spectrum
' s belloenon eavelspe.

ie. Dy~ (B8)lac )
4

I, = parallel decorrelation length of stochastic magnetic field
~ (zzaT Dt ) 1/3 > turbulence counterpart of [ (Kolmogrov entropy length)
o _ 5
~ (B2)71/° Lé“& 7> amplitude dependent via Dy devrve,
lmjp = parallel mean free path of particle
A "’“Ji— cﬁ

Orders:
(QL)  lac <lc <lmgp > “collisionless” regime

lac <lmgp <lc > “collisional” regime

V4
Crucial Dimensionless Numbers: A M L-Zﬁ Iyg;

K= Ek—iKubo (Strouhal) Number ->measure of “effective memory” in field
Ay = perp. scatter correlation length

k<1 diffusive ,quasi-linear regime, weak nonlinear , transport events are

space filling
--- deviation from unperturbed line trajectory weak

--- nearly all MFE calculations presume

k> 1 . . :
- percolative regime , strongly nonlinear , transport events

concentrated on fractal subspace
--- large deviation from linear trajectories

--- relevant to ISM 7

S W,




—> perspectives on Kubo Number
- effectively measures linear vs. nonlinear part of

B-V:Boaz#él-vi @ {/V
~
7 1” » 2» e
11) ~ u
B, @

k ~ 1 setsa “mixing length level” for magnetic flutter

Kadomtsev: k ~ 1 is “natural state” for EM turbulence
—- K ~ 1 corresponding to “critical balance” of G-S cascade

ie. kLT k ~ 1 for Alfven wave turbulence

x # 1-> departure from G-S model, so beloved in
astrophysics
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= Impaction on Transport Channels—What come out?

--- enhanced electron thermal diffusivity:
X = n[(éz)avfhemrla L°LY]

ac

K

I
~ VrreDu, L_DM
[

--- hyper-resistivity (electron momentum ):
(By) = pulJ)) = pelx-- ]V

---Viscosity (ion, fluid momentum)
Ay =—ui Vidvy)) M~ &Dwm
—_—/"’-—\

--- particle transport 7
particle fields and self-consistency crucial ...

see later




IT. Stochastic Lines

Particles =  Lines

-> particles
0B | |e|
-V +vp - Vf——-B—VQDXZ—i-V”B Vf
! 1 1

streaming  drift £ x B vdodty  futter acoeleration

Ena v —C(f)

-> Lines
ho- VI + 9B1
! AN ,
resonance QWS FVIRE rLEQE
—>Line wandering: 5
L

Bo

-VF =0 f ----“density of lines”

. Vf =0

& f + rE;" gef + ==
So for flux of line density:

e+ adbify=0
anticipating : (bfY = —Dpy 6,{f) ~ (Dynamical friction ?!?)
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=> Diffusion and Decorrelation
Dy = Y. |brlP{koDu /1§ + (ki Dm )?1}
K

K <1 Dy = ) Bwdlky) ~ EYac ~ TRebe] Ar , RalA &
le: g

3

0 s 2 529
=% =Du  ZY=L

2 3
5 oy~ [ [ 8D D2

For (&%) ~42,

1Dy By
Ic Ai[- -LL;')_ (Iach)

Comments:
D )
- Iy ~ (—M =13 js turbulent /x /\ /

(AiLg)

- more principled to formulate as calculation for {&f (1)6f (2))
but outcome the same
--- associated radical decorrelation scale:

4
Ie ~ (I—SDM/k—G) \3

i.e. effective k. B = ( resonance width
- stochastic field impacts mode structure of scatterers

le < lac

—
——

PR

—-numerous regimes exist... [/’> ) :
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= K> ] |
u = 3/ (0w)

cude

Du ~ (Z |l |?)!/2 ~ PPV 2A | > reminiscent of transport
in G.C. plasma
-> note non-resonant infrared
_ divergence behavior
In this limit: - B b i
o 4 ay b Q(bylndefi).z_
ds ds Z; | b= Vyxz
linear windirjg_(resonance) negligible

->Particle motion in 2D fluid, with'* as time! (Magnitude scales to time )
So, for Pdf: {)sg\

op+ (bedx +Byd,)p— Do Ep=0 p=1 ‘

smgll scale process
> A wealth of results exist---steal them and take the credit!

0

SO lines@f = _6x v

dx Oy

S dy =0
-> Lines traverse =const contours , as on topographic map
(@ W=0UD=05 (exist?)

- as distance above water level

SRR/t --- mean square volume hills and lakes, equal
e --- mean square height depth
y=ar y=a y=-a

- aya few isolated closed , short loops
--- ap coalscence ( percolation! ) os into long lines via “passes”
--- Percolation models = [y ~




Comments:
- formation of passes (hyperbolic point) is crucial

(Pic. Blackbord)
- percolation , forming large scale connection, occurs at low
--- “‘statistical toﬁography” of large scale magnetic structure
i.e. Pdf () —determines line structure and transport
- - with ambient diffusion, may encounter analogues to Taylor problem

" (Pic. blackboard )
' volo/Dg » 1Yet transport time dominated
by A2/D, involved as slowest
process

[’QF/C T e»\e-f\\(b/
Rev Mod FL\/@.

Electron Heat Transport
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i. K< 1 Particle Picture ( mostly R&R *78)

--- consider heat transport in stochastic field with collisions and

spatial coarse-graining
6,1_80

of oB
g TEREE = df)
ot Bo h

The point: lcDarse graining  collision

-> 3scales: Ig, lac, Imip
> if I p — 00 RSTZ 66 > Xo = VTheDm
..)\/ > if I ¢ pfinite> particle can reverse orbit along wandering
field line

> radial coarse graining needed to scatter particle from line
to line !

collisionless (1, < Lz, )

--- consider gyro-disk pe of 1 particle as initial state

--- Map disk forward for I spalong stochastic magnetic ﬁc{\d‘{& D
| Asdeste 7
(Pic. Blackboard ) r‘p[ \\w;\w‘ |
6~e—lmfp/lc <<pe -—d/“\

--- now, after {,¢p, L coarse graining resets § to Pe

— e FIG. 1. The evoluifon of ares mappicg.

(Pic. blackboard ) ‘

e

--- map again... Since§ « p, each iteration uncorrelated with px

So-> random walk! N .
@692 <5I‘2>§ Dy /mfp
time: / mfp /Vrh
2> D~uppDy
the same as “true” collisionless




Comments *

--- coarse graining is absolutely essential, i.e.
> if particle “stuck” on field line, can back scatter to previous
__position (reversible I1) , l
- canoayprecessby parallel défﬁlsion — a9 7 AN,
> (@) ~Du ()" X ~ 5<or®) ~ D (/1) — 0

no transport !

--- appears that resemblence of [x < ImfptO [ps, — o  CasEs is
———

somewhat fortuitous...

’ LA it - Something Mot
SOM&H\C@ = fi /anm/zv‘\ej 2
7e% avod) pedp-seden

--- collisional limit:

Thought for occasion: [, rp < le ing
“Almost any you do will get the collisionless scalg right. The
collisionfess-Hmit is a much more challenging test.”
al -M.N.R, circa mid-80’s

--same story, but
= many collisions as area chopped up by mapping, so L
motion diffusive, X1 = p2ve
- “orbit” is now many parallel scatterings before diffusive
1 kick
> Need: basic L length scale g (set by stochasticity vs diffn)
l.s : parallel correlation length for § (area coalesence length) =5 §
75 : parallel diffusion time for scale




N 2 L 2 =2
: %)u,vbj ;t}'/l); D:

Xi\/fe ~ X1/

[N

So --- for §: p(/ A~ /(’ v\\ S
0 .

> 6~ Le(x)/x0)M? .

- for lc5' o 56l65/lc /@Q <Uz( © ',.\A '5‘/@4
SqE——

T

kos ~1 (arclength), | o ~ leln[(
mMPe

X 1/2>
)(Xl) ]

- for 74: Y1
7= (x)/ls)T  —

=
X

[0 Ve

XL ~ (672) /75 ~ Dagles/Ts ~

N.B. : Motion is a | random walk, wt ) t€p” involves
| and parallel diffusion ! — 4 N &

Qxld e

Comments:

--- conceptually, non-trivial ; attempts to “derive” from systematics
are unconvincing ( i.e. if they did not know the answer they
would be up the creek... )

- Medvedev and Narayan applied goMisional regime(?)
to cooling flows, “desperately Seeking Spitzer ”

(

-> seems inconsistent assumptions of G-S model




x < 1 Fluid Picture (largely K&P ‘79 )

N.B.: while not elegant as Rosenbluth and Rechester, Kadomsev
and Pogutse more directly confronts (unpleasant) realities

gigdmﬂanngsgmﬁm_g and operé door to ;{> 1(percolaton

regime).
--- Observation and comment:
> g=—xVTb—xLVLT > heat flux has2”¢ and 3*‘order

V=08,+bVL v, =vVD"

So
<Q>’r‘ = —X| (5£>6T<T) - X||<b'r'af> - X]I(Erg'rarf>
) T )

2 1n ” 2” 9 3”
“3"never discussion mn K&P

«gn/ «x» e So triple dominant for K > 1
Calculation of “3” by closure is obvious T.B.D.!

q——

—> Q.L. calculation
<Q>r = —X|i [(EE')arT + (5'r'3zT>]
9 1” » 2”

T from: V-qg=0
> —x02T — x Lviz‘“ = [0:5-0(T) /0r]

_ 2 X-Lk_L
2 ( - X” 67' (Z' v,k | X|[k2+x_|.k2)

Deviation from state of VT = 0 requires (z‘k“T —b, (T)')

- observe (g,) — 0for x, —0 1 (“17, “2” cancellation )
- another indicator of important of | coarse graining

--- implies:

XL = \/XHXJ-<k.2L)1/2<52>lac @‘,ﬁzvg.
Bohm!(not Spitzer)

B e

) pe -
~ ‘/X”XJ'_ATZ ac ™ Ev th D ~ DBDM/ L

2,
Ln= _\_'f_T_)l_e
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= e s
— observe: XL ™~ ‘/X”XLZI

can be written as: (/—z

xw~ DD | 1L~ G
but L = L .for temperature !
1 ' Je. 8- A
1.€. X| N Y1 | %l/ ) /ij_,
Lﬁ’T A% +

So
- K&P (easy) fluid calculation recovers R&R (hard)form
—but: R*— X”/lc %ﬁ% XII/LH,T
not precisely the same (though conventionally described
as “equivalent” )
--- should they be exactly equal?! R&R: particle
K&P: fluid moments
--- difference could be more significant in IGM context...
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—> Can one do better ?

--- noting the numerous terms drogped and withx > 1regiom in

mind, K&P proposed variationjal approach . Goal is to isolate :

effective temperature length scale = I Tlwe

ie. §S =0 Where: ¢ _ / Be(~VT - g) average over ensemble

b<— of stochastic fields

> §= /d%(%—?)2—l—’yz(VLT)2} }\ thermal flux

thermal force
oT |
=[Gy
function describing generation of locally

(Pic. blackboard)  sharp gradients by wandering field lines
_ < poat (€ Fo @ppoxdnte
/O'ac»’)'*‘ cdd N T het S (pusd 4\.;(%> |
nn 92\\\5 Y
- mesn Sguele Jr=elienf— -

B
FIG. 1, The evolution of area mapping.

Py
,

—> stochastic instability amplifies gradient
~ —>rate related —scale for T.




—> How calculate VT Amoplification?

9 T 5,01 4 T =T~
(O 0w)* ~ (=) (5 T
—,0=T2,0 — Z1,0
T
smooth
r_7 -> orbit A , Jw . b,
dz (2, 2) dz T ox
Z 0b..
z_ = x_ gexp| (896)012]

Upon usual cumulant expansion and symmetrlzatlon:
((0T/8z)?) = k2T?cosh2kz

/ 31)7-(0) 8br(z’) DM
o= [ (T~ &

| S= /al?’x{(ﬁT/&‘z)2 + k2T?cosh(2kz2)} of | damping
A5 = T+ I-cosh Wge) T~ =< -

Could j’%%ﬁﬁ@ e'f_?r

exponentially fast “switch-on”
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