Aug. 29:

Sept. 05:

Sept. 12:

391S Fall 2023 & Spring 2024
Plasma Seminars (NLD too)

Instructor: P. J. Morrison

Norman Cao, IFS UT-Austin
Title: Order and Chaos in Turbulent Geophysical and Plasma Flows

Cole Stephens, IFS UT-Austin

Title: Introduction to Gyrokinetic Theory

Abstract:

Gyrokinetics is a fundamental tool to study turbulence and transport
in magnetized plasmas, such as fusion or astrophysical plasmas. The
exact kinetic modeling of these systems is difficult due to the large
phase space and multiscale nature of the problem. Here, we exploit
the wide separation in spatial and temporal scales in such systems to
construct an adiabatic invariant of motion of single-particle motion,
the magnetic moment. By using the Lie transform, we derive a near-
identity non-canonical transformation that ensures both magnetic mo-
ment conservation and the preservation of the Hamiltonian structure
of the single-particle system. This new set of coordinates describes the
drift motion of particle gyrocenters where the fast cyclotron motion has
effectively been averaged out. With this set of coordinates in hand, we
then construct the gyrokinetic equation, leading to greatly simplified
dynamics and a reduction in the phase space.

Kayman J. Gongalves, State University of Campinas, Brazil

Title: Polarization of vector mesons in non-equilibrium hydrodynam-
1cs with spin

Abstract:

One of the most interesting developments in the investigation of quark-
gluon plasma was the discovery that the vorticose fluid created in heavy
ion collisions polarizes Lambda baryons and aligns spin of quarkonia
(bound quark-antiquark states) and vector mesons [1]. This opened a
new deep field of investigation, since the interaction of spin and vor-
ticity in systems close to local equilibrium is not understood even on
a conceptual level. Here, we argue that spin alignment of hadrons of
spin 1 and higher provide a unique window into the study of hydro-
dynamics with spin, because it is capable to probe non-equilibrium
between spin density and vorticity. This happens because most of the
full 3X3 density matrix is in principle accessible experimentally, and
non-zero off-diagonal matrix elements can be directly linked to such
non-equilibrium. We illustrate this using a coalescence model for light
vector mesons [2] as well as a potential model for quarkonia, and com-
pare our calculations to experimental data [3].



[1] F Becattini, M. Lisa, 2003.03640

[2] Kayman J. Gongalves, Giorgio Torrieri, Phys.Rev.C 105 (2022) 3,
034913, e-Print: 2104.12941

[3] Paulo de Moura, Kayman J. Gongalves, Giorgio Torrieri 2305.02428

Sept. 18: Yoshi Kimura, Nagoya University, Japan

Sept. 19:

Title: Vortex reconnection as a candidate for a finite time singularity
of the Navier-Stokes equations

Abstract:

Regularity /Singularity of the Navier-Stokes equations is one of the 7
millennium prize problems of the Clay Mathematical Institute. As a
candidate for the solutions to that problem, vortex collisions, or even-
tual vortex reconnections have been investigated widely. Recently, a
dynamical system is proposed which describes a vortex reconnection of
two vortex rings located symmetrically on two tilted planes initially. In
this talk, after showing the introduction of the problem, we will present
some results of analysis and simulations of the dynamical system.

Carlos Gonzalez, UT Austin

Title: Local Proton Heating at Magnetic Discontinuities in the Alfvénic
and Non-Alfvénic Solar Wind

Abstract:

Understanding how the solar wind is heated while it expands in the
inner heliosphere remains an open fundamental question. Plasma tem-
perature enhancements have been commonly associated with inter-
mittent structures or magnetic discontinuities. However, solar wind
streams differ by the type of fluctuations and turbulence, and which
mechanism that lead to proton heating are favored in different solar
wind conditions remains to be understood. Here we investigate lo-
cal proton energization at magnetic structures/discontinuities and the
corresponding kinetic signatures in velocity phase space in Alfvénic
(high cross helicity) and non-Alfvénic (low cross helicity) wind, by us-
ing Parker Solar Probe observations at distances 0.07 < R < 0.263 AU.
We complement our data analysis with 2.5 hybrid-kinetic simulations
to understand what processes are likely to contribute to the observed
proton heating and temperature anisotropy in the two types of wind.
We compare the local kinetic features and temperature enhancements



Sept. 26:

Oct. 03:

Oct. 10:

found in Alfvénic and non-Alfvénic streams and discuss to what extent
they can be explained in terms of wave-like vs 2D turbulence dynamics.

Swadesh Mahajan, IFS UT Austin

Title: Resonantly Interacting Quantum Plus Classical Waves
Abstract:

Dynamics of electrons subjected to a constant amplitude classical elec-
tromagnetic (EM) wave is investigated as a fundamental, representative
problem in the physics of interacting quantum and classical waves. In
the nonrelativistic regime (electrons as Schrodinger waves), the elec-
tron energy acquires a constant and a time dependent part. Driven by
EM waves, both parts scale strongly with the amplitude, but we expect
no resonant enhancement since the parallel electron “speed” of nonrel-
ativistic electrons could never match the wave phase velocity. In the
relativistic regime (electron as a Klein-Gordon wave), however, a class
of electron waves (with parallel speed matching the EM phase speed)
are resonantly excited to extremely high energies. Such a direct reso-
nant energy transfer from intense electromagnetic waves constitutes a
mechanism that could, in principle, power the most energetic of cos-
mic rays (this mechanism will work on protons just as well). Some
predictions of the theory will, hopefully, be tested in laboratory laser
experiments. The nonrelativistic calculations will also be examined
in the context of recent experiments using photon-induced near-field
electron microscopy in detail.

David Hatch, IFS UT Austin
Title: New Strategies for Dramatically Increasing Confinement
Abstract: TBA

Brad Shadwick, University of Nebraska, Lincoln, NE

Title: High-fidelity Simulations of Relativistic Laser-Plasma Interac-
tions

Abstract: Unphysical artifacts are ubiquitous in plasma simulation.
These effects can range from “cosmetic” matters that can safely be
ignored to phenomena that can lead to erroneous physical interpreta-
tions. We will discuss various examples, their causes and (potential)
mitigations. In addition, we will look at methods for constructing sim-
ulation models that preclude some classes of artifacts entirely.



Oct. 17:

Oct. 24:

Oct. 26:

William Barham, Oden Institute and IFS UT Austin

Title: A Self-Consistent Model of the Ponderomotive Force in a Hydro-
dynamic Plasma and its Hamiltonian Structure Preserving Discretiza-
tion

Abstract: In the presence of an inhomogeneous oscillatory electric
field, charged particles experience a net force, averaged over the os-
cillatory timescale, known as the ponderomotive force. We derive a
one-dimensional Hamiltonian model which self-consistently couples the
electromagnetic field to a plasma which experiences the ponderomotive
force. We derive a family of structure preserving discretizations of the
model of varying order in space and time using conforming and broken
finite element exterior calculus spectral element methods. In all vari-
ants of our discretization framework, the method is found to conserve
the Casimir invariants of the continuous model to machine precision
and the energy to the order of the splitting method used.

Masaru Furukawa, Tottori University, Japan

Title: Stability Analysis of MHD FEquilibria Via Simulated Annealing
Abstract: Simulated annealing (SA) is a kind of relaxation method,
where we solve an initial-value problem derived for a Hamiltonian sys-
tem so that the energy of the system changes monotonically while the
Casimir invariants are preserved. We have applied SA for reduced MHD
systems, where the energy is decreased by SA. Recently, it was shown
that SA can be used for stability analyses since it tries to find a lower
energy state. We found that spectral analysis of linearized SA equation
shows instability for a cylindrically symmetric equilibrium with sheared
poloidal rotation, where spectral analysis of linearized low-beta reduced
MHD itself does not show instability. This indicates that a perturbed
state has a lower energy, and that a negative energy mode exists. In
the talk, the linear spectral analysis as well as the SA results including
recent progress will be presented. Another analysis of a system with
magneto-rotational instability (MRI) will also be included.

Jacobo Varela, University Carlos II1 of Madrid, Spain

Title: Synergies Between Nuclear Fusion, Astrophysical and Industrial
Plasmas: Prospective Challenges

Abstract: The aim of this presentation is sharing a list of new re-
search topics that connect different Plasma Physics fields. Nuclear



Nov. 07:

Nov. 28:

fusion plasma studies will be dedicated to identifying the AE/EPM
activity in several Stellarator and Tokamak devices, identifying opti-
mization trends to improve the heating efficiency of external actuators
as the NBI, ECH and ICRH, including both the linear and satura-
tion phase of the AE/EPM. Astrophysical analysis will be dedicated to
study the interaction of the stellar wind with exoplanets (with and with-
out intrinsic magnetic fields) orbiting different stellar spectral types at
different evolution times, including Sun-like stars, M and F stars as well
as neutron stars. In addition, radio emission from exoplanets will be
modeled and compared with radio telescopes observations. The model
to study liquid metal flows dedicated to cooldown DCLL blanket in
nuclear fusion reactors will be extended to improve the description of
the heat transfer, identifying the optimized operation that maximize
the heat removal and reduced the vorticity level and pipe erosion.

Dan Kennedy, Culham Laboratory, UK

Title: Electromagnetic Instabilities in the Spherical Tokamak for En-
ergy Production (STEP)

Abstract: Electromagnetic microinstabilities are likely to dominate
transport in high 8 next generation spherical tokamaks (STs) such as
STEP. While gyrokinetic (GK) simulations have thus far proven to
be a very accurate tool in modelling turbulent transport in predom-
inantly electrostatic regimes at low (3, obtaining saturated nonlinear
simulations of plasmas with unstable kinetic ballooning modes (KBMs)
and microtearing modes (MTMs) has proven computationally and con-
ceptually challenging. However, recent investigations that retain only
MTMs and exclude KBMs (by neglecting compressional perturbations)
reveal strong sensitivity of the heat flux to parallel dissipation and ve-
locity space resolution. With sufficient resolution or dissipation to avoid
numerical instabilities, recent MTM-only simulations saturate cleanly
at much reduced electron heat flux. We find that including compress-
ibility can unleash a KBM-like instability which drives very large heat
fluxes (orders of magnitude greater than the available heating power).
The saturated fluxes are sensitive to equilibrium flow shear, and at
mid-radius diamagnetic levels of flow shear can reduce the fluxes to
much lower values.

Christopher Eldred, Sandia National Laboratory



Title: Recent Progress in Discrete Exterior Calculus for Fluids
Abstract: Structure-preserving discretizations such as discrete exte-
rior calculus (DEC) provide a powerful means of constructing numerical
models with many desirable properties, including discrete conservation
laws, steady geostrophic modes and freedom from spurious computa-
tional modes. However, most existing DEC approaches suffer from low
order of accuracy, inability to handle arbitrary boundary conditions
and low-quality transport operators. In this talk, we will discuss recent
work in DEC towards addressing these concerns:

1) consistent treatment of arbitrary boundary conditions on unstruc-
tured meshes

2) high-order Hodge star operators on uniform structured meshes

3) structure-preserving, high-order, oscillation limiting (SPHOOL) trans-
port operators; including optional positivity preservation through flux-
corrected transport (FCT).

These advances will be demonstrated in the context of geophysical
fluid dynamics, where an operational cloud resolving model (PAM, the
Portable Atmospheric Model) based on DEC has been developed.

Dec. 05: Raja Laxminarayan, Aerospace Engineering and Engineering Mechan-
ics, UT Austin
Title: High-Fidelity Modeling of Equipment Scale Processes in Semi-
conductor Manufacturing
Abstract: Rapid improvements in computing hardware, numerical
algorithms, and modern software engineering practices have revolu-
tionized the development of predictive simulation tools for a variety
of engineering systems. Such tools have had the greatest impact in
areas where the single physical or chemical processes need to be sim-
ulated. Examples being in aerodynamic flows, electromagnetics, and
structural mechanics, where model governing equations are well estab-
lished, and physical phenomena occurs over well-defined narrow range
of length and time scales. The most critical processes in semiconductor
manufacturing are unfortunately some of the most difficult phenom-
ena to model and simulate. For example, etch/dep processing of single
wafer systems can involve flow, plasma, electromagnetic wave, gas- and
surface- chemistry, and heat-transfer phenomena occurring simultane-
ously; not to mention the increasingly important role of driving power

6



supply circuits in the overall process control. This talk will provide
an overview of some semiconductor manufacturing equipment simula-
tion studies we have performed over the years. The role of computing
hardware, algorithms, and hierarchical software engineering practices
will be highlighted. Topics in the modeling and simulation of plasma
and non-plasma processing for semiconductor manufacture will be dis-
cussed.

Beginning of Spring 2024 Semester

Jan. 30: Juhyung Kim, Korea Institute of Fusion Energy

Title: Fluid Simulation of Pressure Collapse

Abstract: In this talk, the resistive reduced MHD simulations of
pedestal collapse are presented with the focus on a role of nonlinear
mode coupling. Previously, It was shown that neighboring ballooning
fluctuations can produce tearing-parity via the mode coupling. When
magnetic perturbation (MP) is externally applied, MP may mediate
the nonlinear interaction and change the nonlinear dynamics.

Feb. 06: Alistair Arnold, Max Planck, Greifswald, Germany

Title: Electron Kinetics in Plasmoids

Abstract: Plasmoids are localised regions of high plasma density that
arise in both MCF and astrophysical contexts. Owing to the higher
thermal mobility of electrons relative to ions, a plasmoid is associated
with a localised electric potential that acts to trap electrons. This elec-
tric potential also acts to push ions away from the centre of the plas-
moid, causing it to expand. As the well expands, energy is extracted
adiabatically from trapped electrons — this is the source of energy for
the ion flow velocity acquired during expansion. An understanding
of electron kinetics in plasmoids is therefore critical in developing an
understanding of plasmoid dynamics. Two frameworks for electron ki-
netics in plasmoid are presented.

In the first framework, the electron distribution is assumed to be isotropic
and the electron kinetic equation, including the full nonlinear Landau
self-collision operator, is integrated exactly over bounce motion and
pitch-angle, resulting in a 1D+time equation, the spacial variable be-
ing a novel adiabatic invariant.



Feb. 13:

Feb. 20:

In the second framework, the electron distribution function is not as-
sumed to be isotropic, but the plasmoid is assumed to be much denser
than the ambient plasma. This allows the electron kinetic problem to
be reduced to a collisional steady-state with two spacial variables.

In both of these frameworks the resulting kinetic equation has only two
variables, is amenable to analytical study, and is easy to implement
numerically, in stark contrast to the original electron kinetic equation.

Juan Ortiz Luego, University Carlos III de Madrid, Spain

Title: Analysis of the Alfvén Activity Using FARS3d in the Stellarator
Devices QPS and TJ-11

Abstract: The talk shows the work carried out by Juan Ortiz during
his PhD. It is primarily focused on the use of the gyro-fluid code FAR3d
to analyze the linear stability of Alfvén eigenmodes (AE) in the QPS
and TJ-II devices heated by a tangential neutral beam injector (NBI).
FAR3d solves the reduced MHD equations for the thermal plasma cou-
pled with moments of the kinetic equation for the energetic particles
(EP). The presentation is structured into three main segments. First,
an introduction to the FAR3d code and its application in studying
Alfvénic activity. Second, a theoretical analysis of the QPS stellerator
device is presented, identifying the optimal operational regime concern-
ing NBI characteristics and potential Alva@nic instabilities. Third,
the use of FAR3d to analyze experimental data from the TJII stellara-
tor in Madrid is discussed, identifying the type of instabilities detected
and expanding the study to the optimization of TJII performance by
modifying the NBI parameters in a manner similar to the QPS analysis
approach.

Tonatiuh Sanchez-Vizuet, University of Arizona

Title: A High Order Solver for the Grad-Shafranov Free Boundary
Problem

Abstract: In magnetic confinement fusion devices, the equilibrium
configuration of a plasma is determined by the balance between the
hydrostatic pressure in the fluid and the magnetic forces generated by
an array of external coils and the plasma itself. The equilibrium con-
figuration is determined by the solution to a nonlinear elliptic partial
differential equation. However, since the location of the plasma is not
known a priori, the domain of definition of the PDE must be determined



Feb. 22:

as a problem unknown leading to a free boundary problem. In this talk
we will discuss some recent advances in and interior/exterior iterative
solution strategy. Computationally, this involves the coupling of a hy-
bridizable discontinuous Galerkin solver for the solution of the problem
inside the assumed plasma domain and a boundary integral equation
solver for the solution of the exterior problem, and a minimization
step. This is joint work with Antoine Cerfon (NYU), Manuel Solano
(University of ConcepciA®n, Chile) and Evan Toler (NYU/Argonne).

Lise-Marie Imbert-Gerard, University of Arizona

Title: Numerical Simulation of Wave Propagation in Inhomogeneous
Plasmas

Abstract: Several plasma wave phenomena play a major role in astro-
physical and experimental applications, specifically wave absorption,
mode conversion, and cyclotron damping. As it is often the case in
plasma physics, hierarchies of models exist to describe various aspects
of these phenomena, and this talk will focus on numerical simulations
of a full wave model. The presentation will start with modeling as-
pects for the cold plasma model, leading to partial differential equations
(PDEs) with variable coefficients, before turning to numerical methods
specifically tailored to handle such PDEs: the so-called quasi-Trefftz
methods.

Trefftz methods rely, in broad terms, on the idea of approximating solu-
tions to PDEs via Galerkin-type methods with basis functions solving
exactly the PDE locally, making explicit use of information about the
ambient medium. They are of particular interest for wave propagation
problems. But in general, for problems modeled by PDEs with vari-
able coefficients, no exact solutions are available. Hence quasi-Trefftz
methods have been introduced to address this problem: they rely not
on exact solutions to the PDE but instead on high order approximate
solutions constructed locally. We will discuss some of the fundamental
properties of these numerical methods for aeroacoustic problems. The
goal here will be to emphasize why they represent a promising alterna-
tive to more standard methods to tackle an important challenge related
to the boundary layer of air flow around planes.

Finally we will highlight the main difficulty in developing quasi-Trefftz
methods for electromagnetic wave propagation.



Feb. 27:

Mar. 5

Diego del Castillo-Negrete, Oak Ridge National Laboratory

Title: Dynamics and Transport of High Energy Particles is Tokamak
Plasmas

Abstract: Magnetic disruptions and burning plasmas are two critical
problems of the fusion program involving high energy particles. In the
case of disruptions, relativistic runaway electrons (RE) can seriously
damage the plasma facing components. On the other hand, to sus-
tain a burning plasma, energetic particles (EP), generated via external
heating as well as fusion-born alpha particles, need to be confined to
transfer their energy to the thermal population. In this presentation
we discuss recent progress in RE and EP. In the case of RE, topics
include modeling and simulation of generation, mitigation, and assess-
ment of wall damage. In the case of EP topics include the confinement
and anomalous transport of ions and alpha particles in the presence
of EGAMS, tearing modes, fishbones, and Alfvén modes. To address
these problems two codes have been developed: KORC (Kinetic Or-
bit Runaway electron Code) and TAPaS (Toroidal Accelerated Par-
ticle Simulator). A brief description of these codes will be presented
along with a discussion of novel theoretical tools including Feynman-
Kac based probabilistic methods and normalizing flow machine learning
algorithms.

Bodhi Biswas, York Plasma Institute, University of York, York, UK.
Title: Predictions of Efficient Electron Bernstein Wave Current Drive
in STEP

Abstract: The UK’s Spherical Tokamak for Energy Production (STEP)
will rely on electron cyclotron (EC) and electron Bernstein waves (EBW)
for fully non-inductive steady-state operation. While EC is lower-risk,
EBW enables a higher efficiency, and therefore higher Q.,, device'.

To assess EBW current drive (CD) performance, an extensive modelling
program is underway to predict wave coupling, propagation, damping,
and the electron response. Analytic and numeric full-wave modelling
is conducted to optimise O-X-B mode-conversion at the plasma edge.
Reduced models of parasitic losses, including collisions and parametric
decay, are also being investigated. This talk discusses these efforts, with
a particular emphasis on the core microwave physics where ray-tracing
and Fokker-Planck models are being used to optimise wave propagation
and current-drive performance.

10



Mar. 12

At reactor-relevant temperatures (7, > bkeV'), relativistic effects can
significantly modify EBW propagation and polarisation. In particular,
rays that deeply penetrate the hot plasma cannot be simulated in the
non-relativistic limit (due to breakdown of the weak-damping approx-
imation). These rays could be of interest for near-axis current drive.
Kramers-Kronig relations are exploited to efficiently evaluate the fully-
relativistic dispersion relation for arbitrary wave-vectors?, leading to
a > 50 times speed-up compared to previous efforts® at relativistic ray-
tracing. A recently verified linear adjoint model? is used to estimate
CD efficiency. Thus, for the first time, large parametric scans of fully-
relativistic EBW CD simulations are performed. In STEP, relativistic
physics are found to severely alter CD performance if rays are able to
propagate sufficiently far into the core (p < 0.7). In contrast, rays
that damp strongly far off-axis are sufficiently short and cold such that
relativistic effects are unimportant. These discoveries are factored into
the design of STEP’s microwave launchers.

STEP will utilise multiple launchers - totalling ~ 150M W of microwave
power - for steady-state operation. In this regime, strong quasilinear
effects are expected to impact wave absorption and CD efficiency. A
quasilinear Fokker-Planck solver is coupled to the fully-relativistic ray-
tracer, enabling high-fidelity predictions in reactor-relevant conditions.
Modelling shows that quasi-linear effects can be expected on MAST
Upgrade, and plans for experimental validation of this physics will be
discussed.

[1] S. FREETHY, et al., EPJ Web of Conferences. 277, 04001 (2023).
[2] S. PAVLOV and F. CASTEJON, Nuclear Fusion. 58, 126030 (2018)

[3] E. NELSON-MELBY, et al., Plasma Physics and Controlled Fusion.
49, 19131929 (2007)

[4] B. BISWAS, et al., Nuclear Fusion. 63, 126011 (2023)

Gonzalo Fernandez-Torija Daza, University Carlos IIT de Madrid, Spain
Title: FLIPEC: A Free-Boundary Equilibrium Solver in the Context of
Ideal MHD for Toroidally Axisymmetric Plasmas in the Presence of
Flows

Abstract: The ability of calculating ideal MHD equilibria is needed
not only during the design of a magnetic fusion device, but also in

11



Mar. 19:

its normal operation. In the case of tokamak axisymmetric configu-
rations with significant plasma flow, the majority of codes consist of
a fixed-boundary solver for the Grad-Shafranov-Bernoulli system of
equations in which the plasma edge is maintained fixed as the code
iteratively searches for the equilibrium. However, plasma flows may
induce changes in the configuration such as displacements of the po-
sition of the X-point, the magnetic axis or the shape of the plasma
boundary, to name a few, that cannot be quantified properly in a fixed-
boundary setup. In this contribution we present a new code that can
iteratively obtain free-boundary axisymmetric ideal MHD equilibria for
arbitrary plasma flows. The code employs a mesh discretization that
combines pseudo-spectral and finite differences together with a free-
plasma-boundary scheme previously proved for 3D, non-axisymmetric
configurations in the absence of flow within the SIESTA equilibrium
code.

Three developments has been recently implemented, such as the tran-
sition to a general coordinate formulation to expand the type of de-
vices/configurations to which it can be applied. A strategy has also
been devised to improve the iterative convergence to equilibrium solu-
tions, avoiding the onset of vertical instabilities. Additionally, a current
targeting scheme has been developed in response to the observed loss
of plasma current in some specifics configuration throughout the itera-
tions of the code

Examples of application of the code to ITER and NSTX configurations
will be presented to showcase the capabilities of the code.

William T. Taitano, Applied Mathematics and Plasma Physics Group,
Theoretical Division, Los Alamos National Laboratory

Title:A Novel Multiscale Framework for Kinetic Plasmas: A Condi-
tional Formulation of the Viasov-Ampere System

Abstract: The Vlasov equation describes the dynamical evolution
of the plasma particle distribution function (PDF) in the position-
velocity phase space. When coupled with Maxwell’s equations, the
system is considered the first principles model for describing the com-
plex interactions of plasmas and electromagnetic fields. As such, the
equations are used to model a broad spectrum of applications ranging
from space weather to astrophysical systems and laboratory fusion de-

12
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vices. However, the numerical treatment of the equations remains a
challenge; besides the well-known curse-of-dimensionality that plagues
the widespread adoption of macroscopic and engineering scale mod-
eling, additional issues exist, stemming from the multiscale and the
heavily constrained nature of the equations. The equations support a
reduced order description like quasi-neutrality for vanishing limits of
non-dimensional parameters, such as the ratio of the Debye length to
macroscopic scales. It becomes paramount for the underlying numeri-
cal schemes to preserve these limits when the underlying short length
and time scales are unresolved (i.e., the asymptotic preserving [AP]
property). Further, in strongly driven systems such as those contain-
ing shockwaves, it is critical to satisfy the different constraints such as
conservation, involution (Gauss’s law), and the positivity of the PDF
to ensure the solution’s accurate and stable long-term behavior.

We propose a novel, yet consistent reformulation of the Vlasov equa-
tion based on the conditional distribution function (CDF). The CDF
is conditional to the conserved moment priors (e.g., the mass, momen-
tum, and energy densities), and in the new representation, the CDF,
together with the moments, defines the state variables. In our for-
mulation, the numerical challenges of simultaneously ensuring the AP
property and the myriad of conservation and involution constraints
are shifted from the high-dimensional and integrodifferential Vlasov-
Maxwell system into the lower-dimensional moment-field sub-system,
where such properties are more readily exposed and satisfied numeri-
cally. By using the new formulation, we demonstrate, for the first time
in the literature, the ability to simultaneously 1) preserve the quasi-
neutrality limit, 2) conserve mass, momentum, and energy, 3) satisfy
Gauss’s law, and 4) strictly preserve positivity of the PDF for the
electrostatic Vlasov-Ampere system on challenging collisionless shock
problems.

Jason F. Parisi, Princeton Plasma Physics Lab, Princeton, NJ

Title: Pedestal Width-Height Scalings and Geometric Burn Control in
Spherical Tokamaks

Abstract: In the first part of this talk, I discuss the pedestal width-
height scaling [0] for multiple tokamaks using a new kinetic ballooning
mode (KBM) gyrokinetic threshold model [1]. At low aspect-ratio, we
reproduce NSTX’s experimental linear pedestal width-height scaling

13
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for ELMy H-modes [2], overcoming previous issues with low aspect-
ratio pedestal prediction [3]. Our model uses EFIT-AI [4] to calcu-
late global equilibria with self-consistent bootstrap current and can
be applied to any H-mode equilibria. For ELMy NSTX discharges,
KBM physics is needed to match the experimental data: we find that
infinite-n MHD stability overpredicts pedestal pressure and underpre-
dicts pedestal width. I discuss the effect of aspect-ratio and plasma
shaping on width-height scalings, showing the dependence on various
shaping parameters [5]. We also incorporate heat and particle trans-
port physics into our stability model, showing how transport can change
significantly near the KBM stability boundary [6].

In this second part of this talk, I discuss a new burn control scheme for
tokamaks where the total fusion power is controlled by adjusting the
plasma volume fraction that is packed into power dense regions. In an
example spherical tokamak burning plasma, by modifying the plasma
edge squareness the total fusion power is doubled at almost constant
total plasma volume and fusion power density. Therefore, increased
plasma squareness could be extremely beneficial to a fusion reactor
and squareness control could be desirable for power load balancing.
Experiments on NSTX have observed the impact of increased edge
squareness on modified core plasma volume, highlighting the practical
relevance of this approach.

[0] P.B. Snyder et al 2009 Phys. Plasmas 16, 056118

[1] J.F. Parisi et al 2023 arXiv:2308.05238

2] A. Diallo et al 2011 Nucl. Fusion 51 103031

[3] R.J. Groebner et al 2013 Nucl. Fusion 53 093024

[4] S. Kruger et al 2022, PP11.00057, APS DPP Meeting
[5] J.F. Parisi et al 2024 Phys. Plasmas 31, 030702

(6] J.F. Parisi et al 2024 arXiv:2401.14260

Max Ruth, Cornell University

Title: Numerical Methods for Quantifying Integrability in Stellarators
Abstract: Many important qualities of stellarators can be determined
via the PoincarA@ plot of a symplectic return map. These quali-
ties include the locations of the magnetic core (good for confinement),
magnetic islands and chaotic regions (often bad for confinement, but
necessary for particle exhaust). In this talk, we present two methods

14
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for quickly and automatically analyzing the integrability of symplectic
maps.

First, we propose a kernel-based method for learning a single label-
ing function that is approximately invariant under the symplectic map.
From the labeling function, we can approximately recover the loca-
tions of invariant circles, islands, and chaos with few evaluations of the
underlying symplectic map. Additionally, the labeling function comes
with a residual, which serves as a measure of how invariant the label-
ing function is, and therefore as an indirect measure of chaos and map
complexity.

Second, we show how a modified version of the reduced rank extrapo-
lation method (named Birkhoff RRE) can be used to find an optimal
linear model of a trajectory using a single linear least-squares solve. Us-
ing the model, we classify trajectories as integrable or chaotic with few
iterations of the map. Furthermore, for the islands and invariant cir-
cles, a subsequent eigenvalue problem gives the number of islands and
the rotation number. Using these numbers, we directly find Fourier
parameterizations of invariant circles and islands. For both methods,
we show examples on the standard map and a stellarator configuration.

Leon Ofman, Catholic University of America & NASA-Goddard Space
Flight Center

Title: Observations and Modeling of Ion Kinetic Instabilities in the So-
lar Wind

Abstract: The solar wind is a stream of hot magnetized plasma from
the Sun that forms the background state of the heliosphere. The main
constituents are electron, protons, and ~ 4% of fully ionized helium
(i.e., alpha particles) that reach velocities of 400-800 km/s depend-
ing on coronal sources. The solar wind is variable, and the physical
mechanisms that accelerate and heat the solar wind are still debated.
Past studies and models of the solar wind formation relied primarily
on fluid and MHD description, large scale MHD or Alfvén waves and
incompressible turbulence models, motivated by observations at 0.3-
1AU. The Parker Solar Probe (PSP) mission launched into the inner
heliosphere provides observations close to the Sun (j0.1AU) in the for-
mation region of the solar wind and discovered abundance of ion-scale
kinetic wave activity, proton and alpha particle beams, temperature
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Aug. 27:

Sept. 3:

anisotropies and unstable ion velocity distributions (VDFs) deduced
from the Solar Probe ANalyzer for ITons SPAN-I instrument. Recently,
PSP provided data at perihelia from the sub-Alfvénic solar wind out-
flow regions finding non-Maxwellian proton and alpha particle VDFs,
and high temperature anisotropies. Motivated by these observations
we employ 2.5D and 3D hybrid-PIC models of proton-alpha solar wind
plasma and investigated the onset and nonlinear evolution of the ion
kinetic instabilities that arise from the unstable ion VDFs. The mod-
els demonstrate the growth, nonlinear saturation, and relaxation of the
instabilities, resulting in generation of kinetic wave spectra, and even-
tual anisotropic heating of the solar wind plasma. The results of the
models are used to produce the kinetic waves dispersion in the solar
wind frame where the various resonant and non-resonant branches are
evident. The study demonstrates the role of ion-kinetic instabilities
in the transfer of energy from fluid to dissipation scales through colli-
sionless wave-particle interactions, that leads to heating and associated
acceleration of the solar wind plasma.

Antoine Cerfon

Beginning of Fall 2024 Semester

Phil Morrison, UT Austin

Title: Introductory Remarks

Abstract:

We will discuss class organization. In addition we will hear from
William Barham and Azeddine Zaidni about their research.

Josh Burby, UT Austin

Title: Symmetries of Magnetic Fields: What are They?

Abstract:

I will introduce various notions of symmetry for magnetic fields that
play an important role in magnetic confinement theory. Crucial to
understanding the different notions of symmetry is the more general
notion of differential form. I will motivate and define differential forms
using elementary observations from linear algebra. The presentation
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Sept. 17:

Sept. 24:

culminates with a precise, coordinate-independent definition of qua-
sisymmetry — one of the main routes to achieving remarkable confine-
ment properties characteristic of today’s stellarator devices.

Akash Shukla, UT Austin

Title: Direct Comparison of Gyrokinetic and Fluid Simulations of a
Prospective Spherical Tokamak Pilot Plant Scrape-Off Layer
Abstract: Typically, fluid simulations are used for designing divertors
for power handling and helium exhaust, and to study the dynamics of
the Scrape-Off Layer (SOL) in tokamaks. These simulations are only
valid if the SOL is highly collisional, but this assumption can break
down in a reactor SOL, even in a high recycling regime. We find that
kinetic effects can be significant in the upstream SOL in some reactor-
relevant cases.

We conducted SOL simulations with parameters representative of a
spherical tokamak pilot plant using a gyrokinetic code, Gkeyll [1, 2, 3],
and fluid code, SOLPS. Simulations exhibit significant ion trapping in
the upstream SOL when upstream parameters typical of a high recy-
cling regime are used. The trapping becomes extreme for low recycling
regime upstream parameters.

Of particular interest is confinement of impurities to the divertor region.
In order to maintain good confinement, it is important that impurities
remain confined to the target and do not reach the core. We show that
the mirror force, which is excluded in SOLPS’s form of fluid equations,
enhances the electrostatic potential drop along the field line in the SOL.
We also show that the assumption of equal main ion and impurity tem-
peratures, which is made in commonly used fluid codes, is violated. The
combination of these effects results in superior confinement of impuri-
ties to the divertor region in kinetic simulations, consistent with our
earlier predictions[4]. This effect can be dramatic, reducing the mid-
plane impurity density by orders of magnitude. This indicates that,
in reactor-like regimes, larger downstream impurity densities may be
possible while still avoiding unacceptable core contamination than one
would think based on SOLPS results.

Dr. Roscoe White, Princeton Plasma Laboratory
Title: Alfvén Mode Induced Particle Loss in Stellarators
Abstract:
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Oct 15:

Oct. 31:

Nov. 12:

Daniel Urbanski

Title: Unified Framework of Forced Magnetic Reconnection and Alfvén
Resonances

Abstract:

Prof. Gennady Shvets, Cornell University

Title: lons-based Inertial Fusion: Ready for Reassessment?
Abstract: Research activities on heavy-ion fusion (HIF) have been
abandoned over a decade ago, and brought down to a crawl even much
earlier. It is easy to forget that in the 90’s HIF was considered to be the
top contender for developing inertial fusion energy (IFE). This is not
surprising: accelerator technology is well-established, and the conver-
sion efficiency from a wall plug to accelerated particles is hard to match,
especially at the high repetition rates required for IFE power-plants.
Moreover, unlike most laser fusion schemes, HIF does not require any
damageable optics. One of the often-cited reasons for abandoning HIF
is its non- modular nature: testing even the most basic components,
like ion-heated hohlraums, requires multi-km long induction accelera-
tors. However, high-gradient collective ion acceleration has the poten-
tial for drastic reduction of the driver size — an important step towards
modularity. I will describe the historical context for such schemes and
describe the latest efforts in my group to improve them. Other op-
portunities for fusion-relevant ion acceleration, such as ultra- intense
laser-target interactions for fast ignition of IFE targets, will also be
discussed.

Dr. Aaro Jéarvinen is a Senior Scientist, VI'T Technical Research Cen-
tre, Finland

Title: Developing Machine Learning Facilitated Pedestal Models for
Tokamaks

Abstract: The standard high performance operational scenarios in
tokamak fusion reactors are based on a formation of an edge transport
barrier and pressure pedestal at the edge of the plasma. This pedestal
region must enable sufficiently high overall fusion performance, while
also accommodating the necessary power exhaust measures to avoid
overheating of the reactor components. However, due to the multi-
ple relevant physical processes, and spatiotemporal scales, predicting
pedestals is very challenging, and an all-encompassing, high-fidelity
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Dec. 3:

pedestal model does not exist. Hence, models applying simplified as-
sumptions about the characteristics of pedestal plasmas, such as pri-
marily limited by features of magnetohydrodynamics, provide presently
the standard method for projecting performance between scenarios and
devices. On the other hand, an integrated, high-fidelity model would be
expected to be prohibitively expensive for agile reactor design, real-time
prediction, or large-scale data-analysis applications. The development
of scientific machine learning (ML) approaches has opened a pathway
to overcome the trade-off between model fidelity and computational
throughput as well as to use experimental data to learn to represent
the remaining reality gap in the underlying pedestal models. This pre-
sentation gives an overview of the recent research conducted by the
Fusion ML team at VTT in these ML methods to facilitate pedestal
model development for tokamaks.

Prof. Rick Sydora, University of Alberta, Edmonton, Canada

Title: New Insights into Thermal Waves and Resonators in Plasmas
and their Applications

Abstract: Thermal waves, as they are termed, are not actually waves
but they act and behave similar to a ‘standard wave’ more precisely
they are diffusive-type oscillations with propagation characteristics.
Over the past few decades thermal waves have been used extensively
to study the optical, thermal and electronic properties of solids, lig-
uids and gases. This is mainly accomplished using a device known
as a driven thermal wave resonator cavity (TWRC) where frequency
and cavity length scanning are used to measure the thermal and other
properties. In this talk I will illustrate how these concepts can be car-
ried over to the plasma medium. Thermal waves are produced using
sinusoidally time-varying heat sources and can be generated in magne-
tized plasmas through external wave sources, such as electron cyclotron
heating or through oscillatory electron beams, as is the case in the ex-
periments I will describe that were carried out using the Large Plasma
Device (LAPD) at UCLA. Using this technique and mapping out the
thermal wave field, we were able to obtain precise measurements of
the thermal conductivity in the magnetized plasma. The mathemati-
cal properties of thermal waves are also interesting and I will describe
some of the progress in modeling thermal waves in inhomogeneous plas-
mas, making use of field theory concepts.
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Feb. 4:

Feb. 18:

Beginning of Spring 2025 Semester

Dr. Cole Stephens, UT Austin

Title: A Ritz Variational Principle for Local Collisionless Gyrokinetic
Instabilities

Abstract: Turbulence driven by gyrokinetic instabilities is largely re-
sponsible for transport in magnetic fusion devices. To estimate this
turbulent transport, integrated modeling codes often use mixing length
estimates in conjunction with reduced models of the linearized gyroki-
netic equation. One common method of formulating and solving the
linearized gyrokinetic eigenvalue problem equation uses a Ritz varia-
tional principle, particularly in the local collisionless limit. However,
the variational principle as typically stated in the literature is mathe-
matically incorrect. In this work, we derive a mathematically correct
form of the variational principle that applies to local linear collisionless
gyrokinetics in general geometry with electromagnetic effects. We also
explicitly derive a weak form of the gyrokinetic field equations suitable
for numerical applications.

Dr. Boris Breizman, UT Austin

Title: Radiative Damping of the TAE in Low-Shear Plasmas
Abstract: Instabilities of Alfvén eigenmodes (AEs) are of significant
concern because they can enhance the cross-field transport of alpha
particles beyond the neoclassical level in fusion plasmas. The thresh-
old value of alpha-particle pressure for exciting AEs depends critically
on the damping rate of AEs. The damping mechanisms include ki-
netic damping due to interactions with thermal particles, continuum
damping due to Alfvén continuum crossing, and radiative damping
due to emitting kinetic Alfvén waves (KAWSs). The radiative damping
is substantial and can even prevail in high-temperature burning plas-
mas. We revisit the radiative damping theory for TAEs in low-shear
plasmas, considering TAE with an eigenfrequency near the bottom of
the TAE gap. In contrast to earlier papers, we provide the damping
calculations in real space rather than Fourier space. In the real-space
formalism, the Alfvén eigenmode represents a smooth radially localized
source that emits a short-wavelength KAW. Unlike the source itself, the
radiated wave is tractable via WKB approximation. The separation of
spatial scales between the AE and KAW makes the radiative losses
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Feb. 25:

depend on this separation exponentially. This approach is straightfor-
ward technically and more enlightening from a physics standpoint for
benchmarking numerical calculations of radiative damping.

Prof. Lukas Einkemmer, University of Innsbruck, Austria

Title: Structure Preserving Low-Rank Methods for the Viasov Equa-
tion

Abstract: Performing computer simulations of kinetic equations is
extremely expensive due to the unfavorable scaling of the number of
grid points with dimension (called the curse of dimensionality). To
alleviate this often particle in cell schemes are used. However, it is
well known that such methods can struggle with phenomena (such as
Landau damping) that are relatively easy to resolve using grid-based
methods. Moreover, for turbulent problems often a very large num-
ber of particles is required for particle methods negating much of their
advantage.

Recently, dynamical low-rank methods have shown promise for per-
forming such simulations. These methods use an expansion in lower-
dimensional basis functions to break the curse of dimensionality, while
still maintaining a grid. They can be shown (both theoretical and nu-
merical) to be very effective for a range of problems and we will report
on some 6D simulations that have been performed on a single desktop
computer.

A disadvantage of these methods, however, is that in their original for-
mulation, all the underlying physical structure (e.g. conservation of
mass, momentum, and energy, Hamiltonian structure, etc.) are de-
stroyed. This is in stark contrast to more traditional methods (both
grid and particle based) for which methods have been designed that
conserve at least some of the physical structure. In this talk, we will
report on our recent progress on developing such structure-preserving
methods in the context of dynamical low-rank approximation.
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