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Introduction— Why

The resonant magnetic perturbation (RMP) raises L-H transition power
thresholds.

Studies have shown that Reynolds stress bursts at the edge are
suppressed and hence so is the zonal flow.
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Model

4p The model (Cartesian Coordinate):

Strong mean field (3D).

1.
2. k- B =0 (or ky = 0) resonant at rational surface has third direction — @ — @ £ v,k,.

3. Kubo number: Kumag —

4. Four-field equations —

Mean-field Approximation:

turbulences
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(a)Vorticity equation — vorticity — VZy = ¢

(b)Induction equation — A, J

(c)Pressure equation — P

Perturbations produced by
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Decoherence — IL.-H Transotion

4 When does stochastic Fields dephasing become effective?

Basic scales:

Alfvénic Natural Stochastic i f
Shear flow rate  pispersion Stochastic field decoherence
p > o beats self-decoherence.
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Decoherence — IL.-H Transotion

W Dkf > Aw gives a dimensionless parameter (a):

2
1 ~ OB € 2. b
lac—Rq . bz — ( r > \/Epg'_ ~ 1()_7 ) — —2 > 1
e=L/R~ 10 B q %\/’B €
p = 107> ) o i - Extended Kim-Diamond Model

Dy = — ~ 1072773 1Crltermn for stochastlc ﬁelds effec
'important to L-H transition. "

# How ‘stochastic’ is this? Magnetic Kubo number?
Basic scales:
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Experimental Results in L-H Transition

4p Experimental results in L-H transition (DII-D):
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4 Suppression of poloidal Reynolds stress:

_ 0 27 1.2
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Residual Stress Curvature
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Reynolds stress will be suppressed as stochasticﬁ Via ffsiity rsidul sss. |

This stochastic dephasing 1s insensitive to turbulent mode (e.g. ITG, TEM,...etc.).



Decoherence of eddy tilting feedback — the physics

%, Sne",s IaW: d aa)k auy shear flow
Leads to non- zero( Ky dtk — = E = — yg
—(uity) o (kky)

4 Self-feedback of Reynolds stress:
The E X B shear generates the (k,k,) correlation and

A/‘I\ hence support the non-zero Reynolds stress.
~ ~ . k 0
(i) ~ = Yy ———(ki—1,)

B X The Reynold stress modifies the shear via momentum
k transport.

» The shear flow reenforce the self—tilting
4 Now, the dlspersmn relation with drift-Alfvén coupling is:

Drlft -wave frequency

Frequency shift induced by b?

(wp + 6w)* — wp(wp + 6w) — (ky + b -k )vi=0



Decoherence of eddy tilting feedback — the physics

4 Stochastic fields dephase the self-feedback loop of Reynolds stress:
Expectation of frequency in stochastic fields: (w) = (®,) + (ow).
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When these two are comparable, the

feedback loop will be broken. Stochastic fields

Shear flow (Random ensemble of elashc Ioops
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Stochastic fields act as elastic loops and resist the tilting of eddies.

» Stochastic fields interfere with shear-tilting feedback loop.




Results — Increment of Py

Macroscopic Impact

4p Extended Kim-Diamond Model (Simple reduced model): P2 g
Stochastic fields broadening effect requires: Aw < kiD. This gives dimensionless parameter (o): a = > o > 1
4 1D Theory of power threshold: M. A. Malkov et al. (PoP 22, 032506 (2015)). bps
Kim-Diamond model 1s useful for testing trends in power threshold increment induced by stochastic fields.
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Results

Extended Kim-Diamond Model
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Results— Transitions in DIII-D

4 Increment of Power threshold:

b2
The power threshold increases linearly with the increment of stochastic fields intensity a = 1 .
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Conclusion and Discussion

4 What we have learned: Stochastic fields
. (Random ensemble of elastic loops)
Dephasing effect caused by Shear flow . 5 ~C0 %
stochastic fields quenches O 0 eddies 0 0 7 S L) N
Reynolds stress. : S
4 Message for 4p Related Work:
. - Reynolds stress will undergo decoherence at levels of field intensities well
experimentalists: Y S
P below that of Alfvénization (where Maxwell stress balances the Reynolds

stress).

1. Reynolds stress 1s dephased by
stochastic fields due to RMP, and :
power thresholds increases. 107
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Thank you!




