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Motivation: the Application of RMP
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RMP raises the L-H transition power threshold 1] Improve confinement at the expense of power handling

A new trend: A trade-off between good confinement and good power handling.

Stochastic modify Plasma drive Plasma
Magnetic Fields Instabilities Turbulence

« A basic question: How does a stochastic magnetic field modify the instability process?

1. Schmitz, L., et al. Nuclear Fusion 59, no. 12 (2019): 126010.



Questions from Sims and Expts

« Simulations of resistive ballooning modes in a stochastic
magnetic field. [

» Increased small-scale structures and spatial roughness.

» Stronger suppression of Large-scale fluctuations.
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Possible Answer: A Microturbulence

Constraint: Quasi-neutrality (V- J = 0) at all scales!

- Effect: Introduction of b leads to parallel current density fluctuations. P 4
Vi, = —l{v(")[(’l; V.)@] + (b-V.)v"p} # 0 ¢
I U L L7 ‘ ‘\
« Insights from the classic: Kadomtsev and Pogutse’78 [1I: ~
V.q=0-T \ /‘
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« Tous: =g
V- j=0-@ I Jio o Jeot

- Implication: A current density fluctuation J, must be driven to balance J,, so that the
total current density fluctuation J,,, is divergence free.

* @: Intrinsic Multi-scale Microturbulence.

* Our model is supposed to
» maintain V- J = 0 at all scales » connect micro and macro scales

» Dbe tractable =—» resistive interchange mode > be generic

1. B.B. Kadomtsev, and O. P. Pogutse, 1979.



Model Development

A Multi-scale Feedback Loop
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Model Development

* Modified model:
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« Technique: Method of averaging




Model Development

» Separation of different scales:
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« Some assumptions/observations:

1. @:low k, slow interchange approximation
2. @: high k,, fast interchange approximation i SRR e rgescale
f e Sy - . \ convective ce
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Results: ¥, ‘locks on’ to b, & 15t Order Correction
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vr is required to saturate the growth of ¢ on a short time scale
« Implication: A non-trivial correlation
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- Reminder: The statistics of the turbulence is affected by b (Minjun Choi).

« The first-order growth rate correction:
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where vy = vy /L%, [ = IR, /L3, kg = kyLs. Physics?

 Reminder: Stronger suppression of large-scale fluctuations. (P. Beyer)



Results: Magnetic Braking Effect & Scaling of vy

Retaining the effect of the blue term, main equation reduces to

ki d?
>t |15

A2 d k2§0k Vk]kyzc@k_L — @i = 0.

> Inertia term pd, V4 @
« Effect: Enhances the plasma inertia — Magnetic braking effect [1.
» The critical width of magnetic islands

o, ~| |5 /k3g|(Ax)

* In the limit of vk5, — (1/rpr,c)1/2 > 0, the scaling of the turbulent viscosity is
1/3
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4]1 /4 kg large-scale cell
k,g: small-scale cells

« Analysis: Equation (2) can be simplified to
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1. Rutherford, Paul Harding. The Physics of Fluids 16, no. 11 (1973): 1903-1908.



Questions from Sims and Expts
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Appearance of small-scale
structures — appearance of the
small-scale convective cells;
Stronger suppression of large-
scale fluctuations — stabilization
by the stochastic magnetic field.

Increased
bicoherence in the
pedestal turbulence
— small-scale
convective cells
increase the
number of triad
interactions.
Reduced (s —
electrostatic
turbulence phase
locks on to the
stochastic magnetic
field.



Conclusion: What We Have Learned

V - J = 0 is maintained at all scales, which
reveals that electrostatic convective cells
must be driven by by beat.
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« Large scale and small scale are connected. )

As small-scale convective cells are drive

modulated by large-scale mode, large-scale scatter

mode is modified by small-scale cells Large-scale

through turbulent viscosity vy and cell V-J=0

electrostatic scattering. maintain
. Stochas_tlc ma_gneUc field pr_oduces a enhance drive [T

magnetic braking effect, which enhances the inertia cells

plasma inertia and exerts a drag on large-
scale mode. This is similar in structure to
Rutherford’s nonlinear J x B forces?, but in

our case, it's produced by stochastic magnetic field generate saturate
magnetic perturbations.

« We get a non-trivial (b,-#,.). The velocity
fluctuations v ‘lock on’ to the magnetic Turbulent
perturbations b. viscosity
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