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Introduction

experiments

« on DIII-D resonant magnetic perturbations (RMP) can
— stabilize ELMs
— increase radial particle transport (in low collisionality regimes)
— modify E, in the edge plasma
« other experiments show both similar and different effects
— profile modifications of T(r) vs. ng(r)

theory

 RMP (stochastic) fields “mix” SOL and edge

« important edge physics for instabilities, turbulence, blob transport
— sheath and presheath potentials, Reynolds stress and E,
— magnetic shear and parallel “disconnection”
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Edge/SOL “blob™ ordering

Krasheninnikov, D’Ippolito, Myra, 2008, blob review

vorticity
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* sheath & parallel physics important for potential and T,
e perpendicular convective transport important for density
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Disconnection and resistive X-point modes

« X-ptinduced shear enhances local k

 allows parallel resistive disconnection of modes
— modes can localize to maximize “bad” curvature
— increases vy, and turbulence

« similar phenomenon for blob-filaments [Ryutov; Krasheninnikov; Russell]
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Model: field line equations and map

circular flux surfaces (r, 8) with g = q(r), B = const
y(r, 6) = RMP perturbation
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map preserves area through first order in J
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Resonant perturbations and the standard map
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« for standard map in canonical form
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RMP-induced magnetic shear

« evaluate metric (Jacobian) of the map

8r1 /87'0 (1/ ro)arl /890 1 KCOS mo

M = — Ur
noby/org (rn/rg)d01/98) | v 1+ Kcosme
 mapping of k, given by k; = M"k, b K=0=
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 RMP-induced shear dominates background magnetic shear for a single
transit when (r <K
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RMP-induced magnetic shear

« two applications of the map (2 transits): background shear increases
linearly, RMP shear exponentially
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Implications for ballooning stability

« for modes which wrap around torus many times (extended ballooning angle
>> 21) RMP-induced-shear effects will dominate and limit mode extension

— global shear (resonant RMP) usually stabilizing for ideal modes
 local shear (non-resonant RMP) can be destabilizing for resistive modes

— disconnects blobs from good curvature
— enhanced transport (density pump-out)
— related work:

[« Waltz & Boozer, (1993)

» Hegna and Hudson (2001)
[« Beyer et al (1998, 2002)
3¢ Xu (2007)

L Reiser (2005)

* needs quantitative work
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analogous to X-pt
resistive disconnection
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Penetration of potentials in stochastic fields

evolution of 2 equi-potential
surfaces after N transits

fine scale structure develops

surfaces become close =
easily shorted by 6

Inter-diffusion of surfaces
on long space scales
Kick per transit or ~ 2nR ob,
separates scales

— micro-scale AX < or

— macro-scale AX > or
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Micro-scale problem

What is the parallel penetration length of an applied E | ?
- (pre)-sheath potential connecting into core
- core E, connecting into SOL

e 2 planes are linked by a
stochastic map

« E | isapplied on the right

plane
e calculate it on the left.
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Vorticity equation for penetration length

ﬁmzo
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Perpendicular conductivity

* ion polarization drift
— note that area preservation of map = v-V invariant v= %b x V@

2
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c,| ~ 5 V-V~ > ~ k0pS
4nv g 4nvsB T 4nQd;

— applies on scales L | > p;
« electron collisional conductivity [Ryutov & Cohen 2004 (X-pts & blobs)]

— onscales p, <L, <p:ionscan’t respond to E, but electrons can
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Parallel decay length

21R

1/2
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12 kops D Vei ion regime

Vel .
— electron regime

Qe
o e.g. for electron regime
19
" = 4nR2 In(p, ej
InAl+ K*/2) \SoVei

— In(p; Qo SgVvej) ~ 4.6 at 50 eV — 10 at 1keV

 typically, micro-scale E, is shorted out in a few toroidal transits
— e.g. (pre)-sheath potential, core E,
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Averaged vorticity equation describes macro-scale potential

V= Vjo+db-V QL average for <|8br|2>

Integrate vorticity to get momentum (zonal flow equation)

— for simplicity n = const

° vy == vy ) rs{vy )+ 2020 [ <L1”>(<e$>‘3J

ot
Reynolds  stochastic sheath
stress damping charge loss
(heuristic)
« stochastic damping rate of zonal flows stochastic
Q.0 _ . vy, ;o
yo =& <\8br\2>~106 x1078Q; ~1072Q; Y ioff
Vel % L J"
@ 100eV, 1013 cm3 2T
— significant, especially for collisionless plasma | _
(but flux limited ...) 2 .o w

Beyer, PPCF 2002
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Strong zonal flow damping enhances turbulence
and blob transport
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SOLT turbulence code simulations [Russell et al. 2008; D’Ippolito IAEA 2008]

o for small y,, blob flux increases linearly with y, ~ |8br|2
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Conclusions

 RMP-induced magnetic shear grows exponentially fast and tends to
dominate multiple-transit phenomena

— may provide one mechanism for parallel “disconnection” of unstable mode =
increased yji,, Vpjop: @Nd density pumpout (?); awaits quantitative evaluation

» disconnection physics also controls micro-scale E in plasma
— penetration of E, limited to a few toroidal transits
* stochastic damping of macro-scale E, competes with both sheaths and
Reynolds stress to limit zonal flows

— theory predicts a strong reduction of E, (zonal flow damping) in the presence of
RMP

— provides a second mechanism for enhanced perpendicular convective transport
by turbulence and blobs (pumpout) in the presence of RMP

e preliminary results — much opportunity for interesting future work
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Supplemental
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Electron conductivity model

based on D.D. Ryutov and R.H. Cohen, Contrib. Plasma Phys. 44, 168 (2004).

1 Ry
E+EVGXB_n—e usually implies v, = v;and J, =0
E + EV. % B = Rei (species friction forces equal and opposite)
i —
C ne

* for small scales, p, <L <pjlions, can’t respond to E; but electrons can
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