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Introduction: NTM Problem

SAW/dt

Neo-Classical Tearing Mode (NTM) driven by bootstrap current o<« VP
Linearly stable (A’ < 0), need a seed to flatten the pressure profile (Carrera 86)
Control of NTM understood and efficient (Sauter 10, Widmer 19)

Mechanism of seed need to be calrified

Turbulence can be a player in the NTM seeding (Agullo 17, Ishizawa 19)

Non-linear evolution by generalised Rutherford equation (Rutherford 73, Widmer 19)
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Gyrokinetic PIC Code ORB5 (Lanti (2020))

#» GK average of fast particle gyration,
reduces 6D to 5D

# Strongly magnetized unperturbed
plasmas psVB/B = p;/R < 1

# Field fluctuations at gyro-radius scale

]{Lpgl /fH//fL<<1

\

GK relevant from micro-
to macro-scale

# 5D Lagrangian PIC code

# Solves the GK Vlasov-Maxwell system of
equations

#» Multispecies, fully kinetic electrons

# Distribution function split between
background variate F; and time
dependent variation [is

afls_'_R.afls . afls

_ _ Rp,
ot or Y R

v, oR | "oy

# Quasi-neutrality and Ampere's law linearized
about an equilibrium distribution function
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Mode Initialisation in Toroidal Geometr
# Shifted Maxwellian for the electrons VIi/T: =0.0, VI./T. =0.0, Vn/n =0.0

produces J consistent with g i R
001501
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Mode Validation with ORB5

# Kinetic estimation of the growth rate (Rogers 2007)

2
» 7cl/7c1 — A,,05ek(9,056 (_/) Y 1/2 (T + T)1/2 Valldlty me/m/ < B

Linear simulations with flat density and temperature profiles in agreement

#» (-scan, fixed T,=T, and m.,/m;= 0.005 #® Mass scan, fixed T,=T; and 5 =0.2%

Modes n/m = 1/2, m;/m. = 200, flat profiles Modes n/m = 1/2, 3 = 0.2%, flat profiles
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Temperature Gradient Impact on CTM

# Kinetic theory (wj, = 0) (Drake and Lee # Gyro-fluid (Tassi et al. (2010)):
(1977)): ~ no change, wr = wy + w7} /2 V2~ g — 0.5wi(1l — Ti/Te)
# Gyrokinetic (fluid collisions) (Connor et al. # Two-fluids (Nishimura et al. (2008)):
(2012)): ~ reduced by VP =V (n;jT; + ne Te) wr 2w, + awT + wexp +wg + wy
Modes n/m = 1/2, m;/m. = 200, 3 = 0.05% _ Modes n/m = 1/2, m;/m. = 200, 3 = 0.2%
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Pressure Gradient Mode Destabilised
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Toroidal Mode Time Evolution and Spectrum, Flat Profiles
VT;/T; =0.0, VT, /T, =0.0, Vn/n =0.0, 3 =0.0005

® nsummed over m

* TMinitially
perturbed

# Noise following
TM growth

* At ~t=9e5
larger n
interacts

# Island size ws~A,
reduced after
overshoot
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Flat Profiles Poloidal Representation

#® Electrostatic turbulence at
the island separatrix

# Density fluctuation generates
local turbulence,
starting at X-point

# Strong zonal current due
to large island.
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Plasma-beta Scan, Flat Profiles

# Plasma-beta reduces the linear growth of the tearing
# Increased plasma-beta reduced the overshoot
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Toroidal Mode Time Evolution and Spectrum, Flat Profiles

* TMinitially
perturbed

# Noise following
TM growth

» At ~t=2.2e5
larger n
interacts

# Island size w,~A)
not reduced

® A n=T dominates
at saturation
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Poloidal Cut Comparing

# No-shrinking of the island

for beta=0.12%

Density fluctuations one
order magnitude less for
beta=0.12%

Current density fluctuations
~5x smaller at beta=0.12%

1/2
'Ycl/’Yci = A/)05ek9)05e (7:7_7)
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Time evolution of A;,, m/n=2/1 and 0/0
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* RyVT/T = 6, RyVn/n =1, B=0.05%

CTM growth enhanced by ITG turbulence
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larger with
turbulence
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.l?k)‘57fl]3,/fl13 = (51

Large n initialised Turbulence with nabla Te: Reconnection
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Large n initialised Turbulence with nabla Ti: No Reconnection Yet

# No islands visible at the moment
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* ORBS Linear TM simulations in agreement with kinetic theory

* Growth rate reduced by increased plasma-beta, increased gradient
* Existence of another instability at large pressure gradient

* Non-linear simulations with flat density and Temperature profiles

* Strong drive leads to large islands
* The island saturation size not only proportional to tearing parameter
+ Turbulence develops at the island sepratrix
* Strong density fluctuations leads to the shrinking of island
and strong zonal current formation

* Non-linear simulations with finite density and temperature gradients

* ITG Turbulence is found to enhance the tearing growth when initially unstable

+ Initial turbulence:
No reconnection with small n driven turbulence for the moment
Reconnection for large n driven turbulence

« Threshold exists defining different type of reconnection
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