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Nuclear Fusion
Reactor

inner poloidal magnetic field coil

coil current outer poloidal

magnetic field coils

toroidal magnetic field
poloidal magnetic field
twisted magnetic field

plasma current

*J. H. E. Proll, Trapped-particle instabilities in quasi-isodynamic stellarators

Tokamak
“Sun in a magnetic bottle”

The only working nuclear fusion
reactor in our solar system!

*Earth-orbiting Solar Dynamics Observatory (2015)



Importance and objective

Magnetic field lines on a
flux surface

Explore the physics of microturbulent transport in
the open flux surface region of tokamak (DIII-D,

ADITYA-U). .
des T
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DIII-D shot # 158103
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Importance and objective
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Collisionless
Kinetic theory

The Vlasov-Maxwell system of equations

Particle-in-cell
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Collisionless
Kinetic theory

The Vlasov-Maxwell system of equations
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Gyro-kinetic theory

in the presence of
magnetic field

The Vlasov-Maxwell system of equations

is the parallel velocity for

five-dimensional phase space of
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Gather-Scatter operations for field and charges

L a¢a+b¢b+c¢c
¢(X)_< a+b+c )

10.8
1 0.7

10.6
0.5

0.4
0.3
0.2

0.1

Straight
field line

coordinate




Gather-Scatter operations for field and charges
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Neural network as a universal approximator
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Kolmogorov—-Arnold representation theorem

In and , the Kolmogorov-Arnold representation theorem (or superposition theorem) states that every
can be represented as a superposition of the two-argument addition and continuous functions of one variable. It solved a more constrained, yet more
general form of

The works of and established that if f is a multivariate continuous function, then f can be written as a finite of
continuous functions of a single variable and the of . More specifically,
2n n
f(x) = flz1,...,z0) = E :(I’q E :qu,p(mp)
q=0 p=1
149 = S = »
Universal approximation theorems
% o N
; ‘ W& %t , "On the representation of continuous functions of several variables by superpositions of continuous
Q " ?} functions of a smaller number of variables", , 108 (1956), pp. 179-182;
& e J English translation: Amer. Math. Soc. Transl., 17 (1961), pp. 369-373.
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WIKIPEDIA

The Free Encyclopedia

, "On functions of three variables", Proceedings of the USSR Academy of Sciences, 114 (1957), pp. 679-681;
English translation: Amer. Math. Soc. Transl., 28 (1963), pp. 51-54.
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https://en.wikipedia.org/wiki/Real_analysis
https://en.wikipedia.org/wiki/Approximation_theory
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Gather-Scatter operations for field and charges
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Flux function

Simulation grid

Benchmarking ITG mode in DIII-D [Shot # 158103]:
(Linear-, Adiabatic electron-, gyrokinetic ion-, Electrostatic- case)
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Verification of Linear ITG mode Electric
in the core region of DIlI-D tokamak potential
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Verification of Linear ITG mode Electric
in the core region of DIII-D tokamak
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Mode Analysis

Flux surface: 11/50
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Capabilities of
G2C3

U G2C3 is a global code currently under development at IISc Bangalore.
The G2C3 code has the following features:

* G2C3 is a first principle particle-in-cell (PIC) code based on cylindrical coordinates

** Global approach for plasma and background magnetic geometry, obtained from

axisymmetric ideal MHD equilibria computed with EFIT and IPREQ code.

** Both gyrokinetic (5D for low-frequency micro-turbulence) and fully kinetic (6D for

high-frequency modes) particle integrators.

** Field-aligned particle grid interpolation for axisymmetric mesh in cylindrical

coordinates.
** G2C3 has MPI parallelization with particle decomposition.
** Poisson solver using PETSc library.
%* Neural Network for particle locating, gathering scattering operation.

** Microturbulence: Gyrokinetic thermal ion and adiabatic electron.
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attention.
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