Neural network assisted electrostatic
global gyrokinetic toroidal code using
cylindrical coordinates
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The Gyrokinetic simulation codes are used to understand the microturbulence in the
linear and nonlinear regimes of the tokamak and stellarator core. The codes that use
flux coordinates to reduce computational complexities introduced by the anisotropy
due to the presence of confinement magnetic fields encounter a mathematical
singularity of the metric on the magnetic separatrix surface. To overcome this

constraint, we develop a neural network-assisted Global Gyrokinetic Code using 0 := W2 tanh(W1 X +B1)+B2
Cylindrical Coordinates (G2C3) to study the electrostatic microturbulence in realistic _ [
tokamak geometries. In particular, G2C3 uses a cylindrical coordinate system for 0; = Zj {Wzij tanh( Zk[lek Xi] +51; )} +B2;
particle dynamics, which allows particle motion in arbitrarily shaped flux surfaces, C/’/
including the magnetic separatrix of the tokamak. We use an efficient particle ) 2
E=FE = (0-T)"=(0-T).(0-T) =) .(0;,—T,
locating hybrid scheme, which uses a neural network and iterative local search rror = (0-T) (0-T).(0-T) Zl( i—T) | |

algorithm, for the charge deposition and field interpolation. G2C3 uses the field lines

estimated by numerical integration to train the neural network in universal function W1 — WIi-n JE/JW1 A neural network integrator is
approximator mode to speed up the subroutines related to gathering and scattering W2 — W2-1n JE/ow2 trained using stochastic gradient
operations of gyrokinetic simulation. Finally, as verification of the capability of the new ? ; o 8B1: descent to estimate the field lines
code, we present results from self-consistent simulations of linear ion temperature Bl — Bl-7 JE/JBl (Right panel: estimation errorr)
gradient modes in the core regjon of the DIII-D tokamak. B2 — B2-1 JE/JB2
— | :
2 v = Const.
._ ®
. ‘ 8
o
x =
g o) i
Zv . m
. \ - =
& H | . TF
N =y | S
= - | | i i * 2
' Y | ';._J» Y \ ' \ : _ . _ Sy . . . . . m .
Magnetic field |V 4 © N Gyrokinetic Vlasov-Maxwell equations " (Linear-, adiabatic electron-, gyrokinetic ion-, electrostatic- case)
configuration 4 B " o __ Benchmarking ITG mode in DIII-D
= > ‘
c - _bXxXV9¢ s _ = .9 _ Voo
> Vg = Vi =Vo+ Vo= —V X b bx< VB.
9 . B . T Ve WD M@y
Q@
2 d 7 Z
t — (04 ~ o /-
S 5513' ) VJCOi‘vLJ— T (b-V¢) v foi— T (Va - V¢)f0i |
Drive term pr ~ e
Parallel term 'R Dflft terr—r‘l" . .
Z:njpe - = . K.
N : (¢_¢) = Zillj — N ¢ = 1 Ave
NFNface: 18/50 (a.u.) 1; e
' 2000
1000
Setup for the &
Particle-in-cell AN ’
simulation A .
1 -1000
-2000 . .
S N O . 0 1000 2000 3000
O~ ~° 176 mode on a flux surface T0.55 S o S
5 in Boozer coordinate Lmear mOde grOWth
1 Magnetic field configuration (g-file 2 Temperature/density profile 10’ 3 Mode analysis
MATLAB App - +. .— ]- ' | ' L 1 2 5 1 8
Info Plots 0.95
S\ _, > 175
\IV= g 0.9
- L "ﬂ':"";{';i\. y 0.85 b
m\= 4 n° 16.5
= | 0.8 1
| Equilibrium | - 1l (@ _ l 1 6
| Profile | _1.5 0-725_ :
| Neural Network | . d b3l I _
 srapenat| - | 0.5
07 b7l Gradients 15.5
"ot i ‘
O 65 U{J ujz . Uj4 [ D.IBI 0:8 | 1 I 0 15
. : 0
B oo )(_on ) 0.2 0.4 0.6 0.8 | -400
U U . U \ J U J 3 - Y
* * :
Jaya Kumar AlageShan , Joydeep Das*, *Depa rtment of PhyS|CS,

Tajinder Singh*, Sarveshwar Sharma#,

Animesh Kuley* Indian Institute of Science,

Bangalore, INDIA - 560012.
: . > # Institute for Plasma Research, Gandhinagar-382428, . ]
d I'le > PYSICs > anivi2q08.4285L -\, v Bhabha National Institute, Mumbai-400094. https://physics.iisc.ac.in/~akuley/ “srcher fremer ser

Hi{dls] IdAlld H4<ild




	Slide 1

