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Pedestal height prediction essential for optimization
of future Tokamak

Reference scenario for ITER ‘

High conf#ment (H-mode) pEdEStal

Formation of a pedestal

[ What determines the pedestal height and width?]
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Turbulent transport

JHeat fluxes: Q = QEXB | gem

AN

Total heat flux E X B component Magnetic flutter component

. of the heat flux of the heat flux
» E X B advection:

=) Produces particle and ion/electron heat fluxes

» Stochasticity of magnetic field lines:

=) Produces electron heat flux



Understanding of the electron heat transport

[ Stochasticity of the magnetic field lines occurs when magnetic islands overlap

nested magnetic magnetic island if islands overlap,
stochastic field

» Random walk argument predicts a diffusion coefficient

surfaces (ideal) formation

~ 7.2
DM br L"C |'l7|| | [Rechester, Phys. Rev. 1981]

» Low level of magnetic fluctuation produces a significant
electron heat transport
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Classical picture of MT

Current layer

Ajin = cte

0

Name: Microtearing modes (MT)
Characteristics:

- Electromagnetic instability

- Destabilized by VT, /T,

- Localized mode

- Tearing parity

—kgx

Ajout ~ €

—

1!\ §

Resonant surface Jiout = 0O
Particularity: break-up and Ampere’s law: V34, = —pyj,
reconnection of magnetic field
lines Outer solution:
2 —
L | heat fl L destal height and width /L Aout =0
arge electron heat flux — Limiting pedestal height and widt _ —kox
Ajout= A)(0)e™""

Better understanding of MT—— better control of the pedestal
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Theory and Modelling of MT

[ Solving of the Poisson and Ampeére equation’s using the variational form:

Ampere Poisson
~ 2 A 0L 0L ~ __
[UOJII = —V{ 4 ] 0=— = =0 [ P = ]
N 04, ao -

\Tu = —ef v;fd3v p=—effd3v

Fokker-Planck equation:
0, f+v.76+ 12
V. —
Magnetic drift t m av” [M. Hamed et al.,2018]
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The functional becomes ...
Polarization term

Magnetic energy \ /
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Interchange drive .
5 of ions and electrons

] The extremalization of the functional in the physical space provides a set of two equations
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The eigenvalue code: « Solve_AP »

(J Resolution of the Kinetic Reduced MHD equations
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[ Discretization
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dx?
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(J Boundary conditions for MTs:

fixed parity of 4;: even and ¢: odd



Solving the Kinetic Reduced MHD model

] Problem transformed into a matrix problem by discretizing

* Finite differences
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Linear stability of the JET pedestal

|| @
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Microtearing unstable at low k,p;

QJET shot #82585
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Effect of trapped particles

v (¢ /R)
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Effect of beta
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Effect of beta

30

20 |

10

10 |

-20

-20 -10

w50 % A||

10

o L

20

v¥(c Er.fa)

25
Ptor = 0r97
20 | x
x
15 | X
T KBM
X
10
x
5
MT
0 — - : | |
0 0.005 0.01 0.015 0.02
ﬁ 80
2 | —é
—9 —A4
—A_\parallel
60
1t
40

0 — .

4l 20 A KBM

. | | MT . '.

-20 -10 0 10 20 -10 0 10

S



Effect of physical parameters
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Comparison SAP vs GENE

Assumptions

e Effective magnetic drift

* -constant approximation
* No Trapped particle

e Pitch-angle scattering
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Towards a reduced transport model

[ Evaluation of the transport due to a magnetic turbulence

» Magnetic perturbation: 4;(,6,9,t) = z Aymn,o(exp{i(mé + ng — wt)}
mn,w
Principal effect of ==  modification of magnetic

magnetic perturbation field line direction

] Relationship between quasilinear fluxes with the field functional

* The particle and heat fluxes across a
magnetic surface due to dn
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Magnetic flutter components of the heat fluxes

[ Electron heat diffusivity increases with the electron

+wo ¢
temperature gradient

+with ¢ ¥

Q
S5

The electron heat flux increases when the electric potential Qo

is switched off

Unexpected result
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Electron heat diffusivity calculated by the code is well described
Xe / R, fPxVthe

by the field line diffusivity coefficient +
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Conclusion

] In order to evaluate the role played by MTs:

Gyrokinetic simulations have been performed to better understand the role played by physical parameters
Improvement of the analytical calculation by progressively including missing physical mechanisms
Develepment of an eigenvalue code « Solve AP» - comparison SAP vs. GENE

Y VY

Nonlinear simulations to evaluate the electron heat transport due to MT
Reduced model: Link between heat flux and the functional
Current inside the resonant surface drives the instability and generates magnetic islands
Analysis of JET pedestal plasmas (82585 )
====) MT dominant in the pedestal - Several instabilities co-exist with comparable growth rate

YV V [

Development of a quasi-linear transport model for MT turbulence
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Solving of Kinetic Reduced MHD model

JWithout ¢ and without w4

JWithout ¢ and with w,
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Analytical linear study of MT

Kinetic diamagnetic frequency
F ‘

— wd)gnw — T_eq ((1) — w*)J Hnw + ic(gnw)
eq

nqo mvj +uBo

(cos B + so(8 — 0;) sin 6) C(Gnw) = 1Vel(v) T

4} =
d To eBoRO

O Electron-ion pitch angle scattering collision operator

O Convenient to expand g,,,, over a basis of Legendre polynomials P;(§):

Gno@.6,9) = D Gn (1, IPE)
[=0
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Comparison Solve_AP vs. GENE

1 Evaluation of the role played by v,;

1

[xmr |
+ ESDW

0.8 | Assumptions
—0.6° GENE * Effective magnetlc-drlft.
S x * 1-constant approximation
o4 | x * Pitch-angle scattering

‘- collision operator
0.2 . : * No trapped particles
Ptor = 0.98 x‘h"'-x
10 2 10" 10 °

Vei(cs/R) 24



