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Provocation: Staircase and Nonlocality

(with G. Dif-Pradalier, et. al.)

<= UCSD ceg

Analogy with geophysics: the ‘' E x B staircase’ 2=

[avseLa]

Y of shear flows

“ExB staircase”
et
/

|
\——\_/\‘\ Ce~ol. Tty
Thew p.

Q=—nx(r)VT =» |Q= —fn(r-r’)VT(r’)dr’

T’ e

e ‘E x B staircase’ width = kernel width A
e coherent, persistent, jet-like pattern "/\%\
m the ‘E x B staircase’

/... ../ e staircase NOT related to low order rationals!

P —— Dif-Pradaljer,-Rhys Rev E. 2010
A, 2 o/low ~ony .

¥

) v
10 1w 2o 140

-~ A0 2
b-l\.\) <A / Normalised radius: rip,

Atmospheric Jets

Guilhem D1F-PRADALIER APS-DPP meeting, Atlanta, Nov. 2009
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Provocation. cont’d

e The point:

- fit O= —I dr'x(r,y¥ VT  k(r,r')~ s

(r—r) +A

— some range in exponent

— A>>A_ ie. A~ Avalanche scale >> A, ~correlation scale
— Staircase ‘steps’ separated by A! — stochastic avalanches produce

B = T

« The notion of a staircase is not new — especially in systems with natural periodicity (i.e. NL wave

breaking...)

«  What IS new is the connection to stochastic avalanches, independent of geometry
—  What is process of self-organization linking avalanche scale to zonal pattern step?
i.e. How extend predator-prey feedback model to encompass both avalanche

and zonal flow staircase? Self-consistency is crucial!
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« Recovering the ‘dual cascade’

= Analogous — forward potential

—  Prey — <N>~<Q> = induced diffusion to high k, {
enstrophy cascade; PV transport

) = growth of n=0, m=0 Z.F. by turbulent Reynolds work
U= \J Predator — | g, [’~ <VEz,g>

= Analogous — inverse energy cascade

System Status

Flow (a2 # 0)

———D State Flow (a2 = 0)
¢ Ydt 0!27/'1!_l
—1
proulence level) o + Aweye
ws -1
o + Awara™
Drwclexcntauon Linear growth
mechanism Nonlinear
ﬁ ’ z damping
of flow
Regulation/inhibition Self-interaction Random shearing, Random shearing,

of turbulence f-interaction self-interaction
. o) y — Awysa™
vd vd+arya!
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y, drive V= = ZF shear

« VP coupling o g:éfalg —@ aV2Ze  €=DWenergy
l: V' aVZF b, _772' bV e
= V{P) = pressure gradien

e —
x= & (VP) ._a’_N =GN g V = dN2 (radial force balance)
PoenShet ?—9 a2, s

. Simplest example of 2 predator + 1 prey problem (E. Kim, P.D., 2003)
i.e. prey sustains predators
predators limit prey
now: {2 predators ( ZF, V<P, ) compete
V<P as both drive and predator

« Relevance: LH transition, ITB

— Builds on insights from Itoh’s, Hinton
— ZF = triggers -

]— usual feedback

Multiple predators
are possible é

— V<P = locking in’

NERE . s =< UCSD
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« Observations:

_ ZF’s trigger transition, V<P> and <V, lock it in
_ Period of dithering, pulsations .... during ZF, V<P, oscillation as Q T

— Phase between &, V5, V<P, varies as Q increases
_ V(P> < ZF interaction = effect on wave form

extended:
NERL i, 1 Jocfroaace RT / =UCSD
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Progress I1 : B-plane MHD (with S.M. Tobias, D.W. Hughes)

Model

 Thin layer of shallow magneto fluid, i.e. solar tachocline

* B-plane MHD ~ 2D MHD + B-offset i.e. solar tachocline

ONV’¢+Vx2-VV?p—W>V2p = 0 p+ B0 V2 A+VAx2-VV’A+ f
i

/
1

0,A+V¢x2-VA=BO p+nV’4  B,=B3%

/\_—\

- cf P.D., et al; Tachocline volume, CUP (2007)
S. Tobias, et al: ApJ (2007)

- Linear waves: Rossby — Alfven @ +a),8——k2V2 =0 (R Hide)
e
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Progress 11, cont’d

Observation re: What happens?

» Turbulence — stretch field — (B*)>> 5] i.e. (B*)/ B} ~R,

(] 1
(alaZeldovieh)

e Cascades : - forward or inverse?
. -MHDorRossby dynamics dominant !?

d ~Y -
e PV transport: a0 _ —_[ dA(vg) —> netchange in charge content
dt due PV/polarization charge flux

Now —c;—? = —j dA[(Tzﬁ )- <§r‘7|l>]: —I dAod, {<'\7x17y> - <§x§y >}—> Reynolds
4 mis-match

PV flux current along tilted lines M~ —> vanishes for
~ ~ Dreyes Alfvenized state

NEREES . 24 =< UCSD
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Progress II, cont’d

+ = zonal flow state
<> = no zonal flow state

* Control Parameters for § enter Z.F. dynamics

1005" i H
KMMQ[Ohm’S law regulates Z.F. 10-1} £F observed /g
1o-24 4 T |
* Recall n 10“3%r § J
o ~, 1074}
B <V > Vs <B > 1075 i ’ o © 71‘7 3 B
— [R2\ . p2 - 2 1D 106 o OO . |
<B > ByR, —> origin of B; /17 scaling !" eear o P -,
B,
* Further study — differentiate between : N ZE dhservad

— cross phase in (/g and O.R. vs J.C.M
— orientation: B[V vs BLV
— spectral evolution

NFRI ) | <=UCSD
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The Oscillating Flow Layer Widens Radially (Frequency

Decreases) - Steady Flow after Final H-Mode Transition

BiSusesto
A weak ExB flow layer
exists in L-mode

| |-phase
Oscillation

L-mode sh 1 o
(L-mode shear ayer) TSOL "d"j"udlu - l +% km/s
iy . LCFS

D BS At the I-phase transition, '

—— the ExB flow becomes
more negative first near VE B
the separatrix, flow layer 2
then propagates inward

-
‘(' 4 B -5km/s

wwe
/ The flow becomes

steady at the final H- .
mode transition (after %_
one final fransient) 2]
LCcO = - DI-D
——— = 140426 d
ug’!’m.g T 1558 ‘Wgs
Time (ms)
. )
= " L. Schmitz TTF11, PR/ =1 1 3
NE R tond fusion 3 Ll ) =UCSD




Tter o ~Fe  Pheto

During the I-phase, the Mean Shear <wg,;>

Increases with Time and Eventually Dominates

ExB Flow from
DBS (includes ZF)

Diamagnetic

Do 10%phs) Vesgallni) Ve (NVS) ) (108 rad

component :
of ExB flow &
(from ion 3
pressure Profile) E 3
R~2.265m = =
NQ'!!;'D T ' 1280 1290
Time (msec)
e L. Schmitz TTF11, PRL /2. —
NERE 0, = =< UCSD




