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Normalized input parameters at various locations

Linear simulations 12

� Nominal value of s increased from 0.01 to 0.05 at 𝜌 = 0.15
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q ෝ𝒔 u u´ ν 
x 10-
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0.15 4.2 1.9 1.8 0.69 5.6 -0.70 1.5 0.80 4.6 1.10 0.05 0.31 0.59 1.5

0.33 7.7 4.1 9.6 0.84 6.1 -1.51 2.7 8.97 2.6 1.14 0.21 0.32 1.31 1.9

0.60 5.9 5.5 9.6 1.05 4.6 4.41 3.3 7.96 1.0 1.74 1.42 0.24 0.24 3.4

Linear stability (local)
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Growth rate and frequency at three different radial locations
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See Citrin PPCF2015

Maximum of growth rate and frequency across radial 
profile

Linear Simulations 18

¾ For 𝝆 < 𝟎. 𝟒, dominant mode KBM (full symbol), at mid and outer radius (𝝆 > 𝟎. 𝟒) changes to ITG 
(open symbol)

¾ Kinetic fast ions has always stabilizing impact on mode growth rate except at 𝝆 = 𝟎. 𝟑𝟑
¾ Fast ion pressure in magnetic equilibrium leads to stabilization for 𝝆 < 𝟎. 𝟒 (KBM) and destabilization 

for 𝝆 > 𝟎. 𝟒 (ITG)

With kinetic FI,  FI 
mag equil pressure

No kinetic FI, 
No  FI mag equil pressure

No kinetic FI, 
FI mag equil pressure
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BAE/KBM

Also found in 
Moradi NF 2014



Non-linear fluxes
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‣ Question: are standard QL models applicable for KBM turbulence?

‣ Focus on ρ=0.15, no fast-ion, no ExB shear

‣ Flux-tube delta-f gyrokinetic simulations (GKW)

¾ Actual magnetic equilibrium (Miller), collisions, rotation, EM fluctuations (A// and B//), Carbon 

impurities, No fast ions, and no 𝑬 × 𝑩 shear

¾ kθρi= [0.1 - 1.5]

¾ Krρi= +12.30 to −12.3

¾ Perpendicular grid discretisation [Nx, Ny]= [509, 16] 

¾ Parallel direction discretization =32

¾ Parallel velocity grid points= 64

¾ Magnetic moment grid points = 16 

¾ Large Nx and small time step (∆𝒕 = 𝟏. 𝟓 × 𝟏𝟎−𝟒 𝑹/𝒗𝒕𝒉𝒊)Î computationally very expensive

Non-linear simulation setup  

Nonlinear Simulations 25



Non-linear fluxes

Yann Camenen TSVV10/11 meeting - 10.04.2024   
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Time trace of nonlinear ion and electron heat flux at 𝜷=4.6%

Nonlinear simulations 26

� Ion heat flux dominated by 𝑬 × 𝑩 contribution

� Significant contribution from magnetic flutter to electron heat flux with opposite sign
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Time averaged spectra

Yann Camenen TSVV10/11 meeting - 10.04.2024   

𝜙 𝟐 and  𝑨
||
𝟐 versus 𝒌𝜽𝝆𝒊 and 𝒌𝒓𝝆𝒊

27

𝝓 𝟐

𝒌𝜽𝟐

𝒌𝜽−𝟑

𝑵𝑳

kθρi

𝑨
||
𝟐

𝑵𝑳

kθρi
𝑨
||
𝟐

𝑵𝑳

krρi

𝝓 𝟐

𝑵𝑳 𝒌𝒓−𝟑

krρi

Amplitude of 𝜙 𝟐

much larger 
than that of 𝑨

||
𝟐

𝜙 𝟐 has power law,
characteristic of 
turbulence

Same spectral shapes 
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Test of quasi-linear saturation models
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� Mixing length model [1]:

� Qualikiz Model [2]: Saturated mode amplitude

Test of Various QL rules in the inner core

Test of QL approximation 30

𝒌𝜽𝝆𝒊𝒎𝒂𝒙 wave vector at max( 𝜸
𝒌⊥𝟐

).

𝑾𝟐 with x2= 1

𝑾𝟑 with x3= 2

QL fluxes computed as:

[1] T. Dannert et al, PoP 12 (072309), 2005 [2] C. Bourdelle, et al, PoP 14 (112501), 2007



Test of quasi-linear saturation models

Yann Camenen TSVV10/11 meeting - 10.04.2024   

Comparison of non-linear and quasi-linear ion and electron 𝑬 × 𝑩
heat fluxes with beta

Test of QL approximation 31

C1=12.4 ; C2=4.24; C3=4.32

e𝒍𝒆𝒄𝒕𝒓𝒐𝒏

𝜷𝒓𝒆𝒇

¾ All quasilinear models comparable to 𝑬 × 𝑩 part of electron and ion heat fluxes with β

¾ Steeper increase at high β underestimated by 20 to 25%

i𝒐𝒏

NL

Qualikiz (W2)

Qualikiz-like (W3)

Mixing length (W1)

𝜷𝒓𝒆𝒇



Summary
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‣ AITG/KBM linearly unstable in the central region of JET hybrid H-mode

‣ Key player: low magnetic shear and high beta
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Beta scans for different s at ρ=0.15
7

¾ Conclusion: 

¾ With increasing magnetic shear (s), beta threshold to destabilize mode increases

¾ Low magnetic shear is the dominant parameter responsible for the instability at 𝜌 = 0.15

‣ Non-linear saturated turbulence leads to significant fluxes

‣ Rudimentary tests suggest that QL approximation is applicable

‣ See A. Najlaoui presentation for more extensive validation


‣ Would deserve to be addressed:

‣ local/global comparison

‣ physical mechanism for NL saturation





Backup
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Gamma as function of R/Lpi

8

Conclusion: Growth rate curves are almost  same for both the cases, indicates modes 
driven by pressure gradient

Growth rate (γ)
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Mode structure for different ො𝒔 at 𝝆 = 𝟎. 𝟏𝟓
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� Conclusion: 
o Mode structure extremely elongated along field lines
o Eigenfunction width becomes narrower with increasing magnetic shear

ො𝒔 = 𝟎. 𝟎𝟏

ො𝒔 = 𝟎. 𝟎𝟓 (𝑬𝒙𝒑)
ො𝒔 = 𝟎. 𝟏

𝜙r
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h/
]_

χ/𝝅KBM Eigenmodes at ρ=0.33 and ρ=0.15

14

𝝆 = 𝟎. 𝟑𝟑,𝝓𝒓 [𝒏 = 𝟏𝟔] 𝝆 = 𝟎. 𝟏𝟓, 𝜙𝒓 [𝒏 = 𝟏𝟑]


