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Magnetic islands in tokamaks

magnetic reconnection :
local merging of flux surfaces with # T

Illustration of the pressure profile flattening

q= m/n —— With magnetic island
—— Without
o e modify turbulence
g e NTM can cause
disruptions

rla

Impact of the interaction on confinement quality and transport ?
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Origin of the magnetic island

Magnetic energy drives the Large scales : ideal MHD => plasma and B are frozen-in
tearing instability Small scales : non-ideal phenomena can break frozen-in law
and lead to magnetic reconnection

Uexs

Tokamaks are built tearing proof, what is creating magnetic islands ?
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Effective drive of the magnetic island

Sawtooth crash triggering NTM Turbulence-driven magnetic island
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Mutual interaction between magnetic island and turbulence
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Goals of the PhD

Study the interaction between magnetic island and turbulence
using GYSELA

Compare the importance of inertial and collisional non-ideal
phenomenon in magnetic island drive

Study the saturation of the inertial tearing
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Outline

1. Magnetic island in tokamaks
2. Collisional vs inertial drive

3. Study of the collisionless tearing
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Non-ideal phenomena inducing magnetic reconnection

ideal non-ideal
MHD simulations E=uxB+1n)+ Epcrtia +
induction resistivity < Me

Lm) > Lnem) > de

How to correctly describe magnetic islands growth and saturation
with inertial and resistive phenomena ?




Electromagnetic GYSELA

Gyrokinetic semi-lagrangian
global 5D full-f code

Solving ¢ and A/ fluctuations  [Gillot 2020]
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Access the collisional regime in GYSELA

Examine GYSELA's ion-electron collision operator consistency
with classical and neoclassical phenomena [Donnel 2019] Current response to a (0,1) static electric field
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1st test : verify Spitzer’s resistivity

We set a static electric field : =0, cos(n)
Comparison with current saturation ol
2nd test : verify Bootstrap current Ume
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Saturation mechanism investigation

Island saturation size prediction critical for disruption prevention
Collisionless tearing using fluid simulations : inertia is non-dissipative [Porceli, Grasso]

No gyrokinetic simulation of the collisionless saturation for now

What kinetic effects could be responsible for the saturation ?

Does the saturation mechanism impact the saturation size ?
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Outline

1. Magnetic island in tokamaks
2. Collisional vs inertial drive

3. Study of the collisionless tearing
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Tearing mode structure

a.u Classical tearing mode eigen function

A2,

2 | . A, map at ¢=0.00, t=140000 [Q ]
: | —— Analytical 90° g
: - gysela 3
1
2.0 1 ]
1
1
1 -1
1.5 - 1
I
180° 0°| o
1.0 A
I
1
1
0.5 - !
1
1
_ 1
e | 270°
0.0 47 i

0 02 04 , 06 08 10
r/a

Roméo Bigué - Transalpin workshop on Magnetic Reconnection and Turbulence - 16/05/2024



Tearing mode structure

a.u Classical tearing mode eigen function
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Magnetic islands in GYSELA

Contours of A;; at ¢ =0.00 and t = 180000 [Q}] Contours of A; and F(¢) at (p 0.00 and t = 180000 [Q %]
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Simulations consistent with the classical picture
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theta

Diamagnetic vs ExB drift
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Benchmark with ORB5 and GENE

Lack of an extensive kinetic description of the collisionless classical tearing mode

Selected parameters [Jitsuk 2024]

q(Xa) Z?:o CiXg
Toi = Toe = Teq (-xa) 1

noi = Npe = HNeq (-xa) 1

Be = 87 noeToe /By 0.2%

P = pi/d 0.01

Ea — a/RO 0.1

Veoll 0
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Benchmark with GENE and ORB 5

Linear growth rate of the collisionless tearing instability
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[Jitsuk 2024]
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Benchmark with GENE and ORB 5

Linear growth rate of the collisionless tearing instability

{ -~ GENE
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Conclusions

e Accessing the collisional regime in GYSELA
e Collisionless tearing benchmark

o Kinetic saturation mechanisms

Pers pectives (EnR T-ReCS 2024-2025)

e Study the impact of an island on turbulent transport in turbulent simulations

e Confront simulation results to experimental data from TCV



sqrt(2) discrepancy

Linear growth rate of the collisionless tearing instability
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sq rt(Z) discrepancy discrepancy unlikely
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Annexes




Radial resolution impact on instability
Nr = 512

Estimation of (2,1) growth rate atr = 68.3
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Radial resolution impact on instability
Nr = 1024

Estimation of (2,1) growth rate at r = 68.0
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Collisionless study without ¢

Evolution of the collisionless tearing growth rate without ¢
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Early study of saturation using GYSELA

Estimation of (2,1) growth rate atr = 68.0
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Taming the fusion energy

Temperature in 10° K
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Center of mass energy in keV

Need to control hot and dense plasma
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Poloidal field generated
by a plasma current.

Toroidal field

| Tokamak confinement |

e |deally and at 1st order : particles are
confined on nested flux surfaces
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