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To enhance the computational efficiency of particle codes in performing multi-n nonlinear simulations, piece-
wise finite elements have been developed in tokamak plasma, along with previous work [1,2,3]. Clebsch
coordinates are constructed depending on the toroidal domain, which is consistent with the finite difference
scheme [1]. In this work, the cubic spline finite element is adopted [3]. The grid is defined in (r, ϕ, θ) coor-
dinates as shown in Fig. 1, where r, ϕ and θ are radial-like, toroidal, and poloidal coordinates. However, the
basis functions are aligned along the magnetic field in (r, ϕ, η), where η = θ−

∫ ϕ

ϕi
dϕ′/q(θ′), with i denoting

the index of the toroidal domain, q representing the local safety factor, and the integration performed along
themagnetic field. In addition to the benefit of avoiding grid deformation and reducing the grid number in one
direction [1], the scheme can be extended to higher-order finite element methods. Furthermore, the (r, ϕ, θ)
grid is defined without a shift, allowing easy application of Fourier filters for linear benchmarking purposes.
The gyrokinetic electrostatic model and the electromagnetic model using the p∥ formulation have been imple-
mented. The matrix construction for equations is carried out in Clebsch coordinates, employing Monte-Carlo
integration. Since the particles are represented in (r, ϕ, θ) while the fields are defined in (r, ϕ, η), the field
interpolation and density/current projection are performed using these two sets of coordinates. The linear
benchmark using the Cyclone-like parameters shows reasonable agreement with previous work.
The capabilities of this scheme in multi-n nonlinear simulations are demonstrated, and its potential future ap-
plications in electromagnetic simulations in the MHD limit [3, 4], as well as employing unstructured meshes
for whole volume simulations [5], are discussed. Furthermore, the connection to ongoing gyrokinetic studies
is illustrated [6,7].

Figure 1: grids in (x, y), i.e., (ϕ, θ) (left); basis functions along B in (x, y) (middle) and in torus (right).
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