
MAX-PLANCK-INSTITUT FÜR PLASMAPHYSIK | FACUNDO SHEFFIELD | 18.06.2025 1

 Adding parallel magnetic fluctuations to global 
 gyrokinetic codes
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Structure of this presentation

● Introduction

● Description of possible models

● Results from GENE

● Summary and Outlook

2
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What are parallel magnetic fluctuations?
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What are parallel magnetic fluctuations?

Typically neglected since B1||∝𝛽
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Why should we care about B1||?

● Significant impact on MHD instabilities (KBM)

● Reactor scenarios typically have considerably higher 𝛽

● Higher fidelity is always nice… Especially if the cost is low!

[T. Görler, 2013]

[N. Joiner, PoP, 2010]
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Descriptions for B1||

Reduced models

Long wavelength 
model

Arbitrary 
wavelength model

Cost Fidelity
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Descriptions for B1||: Reduced models

● Easiest to implement

● Very low/trivial cost with decent performance

● Most common option*: 

● Non negligible discrepancies at the KBM 𝛽 threshold [T. Görler, 2013]

v∇B=vc

*[Joiner et al., PoP (2010)]
*[Waltz et al, PoP (1999)]
*[Sharma et al, PoP (2023)]
*[Graves et al, PPCF (2019)]
*[Scott, arXiv (2024)]
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Descriptions for B1||: Long wavelength model (k⟂ρs<<1)

● Straightforward implementation

● Good physics at low cost

● What is long wavelength?

[Sheffield, et al., PPCF (2025)]
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Descriptions for B1||: Full wavelength model

● Coupled system with 𝝓

● Higher cost and highest fidelity

[Wilms et al., 
CPC (2025)]

[Wilms, Merlo et al., CPC (2025)]
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Parallel magnetic fluctuations in GENE

[genecode.org]

● Gyrokinetic delta-f code

● Extensively validated in the core

● Field aligned coordinates; can’t cross the separatrix

● Capable of running linear and and nonlinear 
simulations in local and global settings.
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Parallel magnetic fluctuations in GENE global
Long wavelength model gave promising 
results, but what is long wavelength?

Perform 2D scans to 
find validity region 

using Miller geometry

We compare the full, LW 
and reduced models
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Parallel magnetic fluctuations in GENE global
Long wavelength model gave promising 
results, but what is long wavelength?

Full model vs LW Full model vs reduced model

Criteria: Relative difference |𝛾1/𝛾2-1|>0.1

[Sheffield, et al., PPCF (2025)]
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Parallel magnetic fluctuations in GENE global

What is k⟂ρs<<1 in this case?
[Sheffield, et al., PPCF (2025)]
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Parallel magnetic fluctuations in GENE global
And how about a more realistic case?

High shaping 𝛿up=0.25, 𝜅=1.7

Low shaping  𝛿up=0.10, 𝜅=1.6

Fix βpol while 
reducing heating

[L. Radovanovic et al., NF (2025)]

pol
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Parallel magnetic fluctuations in GENE global
And how about a more realistic case?

pol

Up to ~100% increase 
vs no B1||

Up to ~20% increase 
vs no B1||

Impact of B1|| can be substantial and seems case dependant

βref = 0.0019βref = 0.0021
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Summary and Outlook

★ Several approaches can be used to model parallel magnetic fluctuations in 
global codes. 

★ Mutual agreement between long wavelength and arbitrary wavelength 
models.

★ Long wavelength model valid up to considerably high kyρs values.

★ Simulations on realistic scenarios reveal B1|| can have substantial impact 
depending on the case.

➢ B1|| implementation on GENE-X currently ongoing

➢ Code benchmarking (ORB5) is being pursued
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Summary and Outlook

★ Several approaches can be used to model parallel magnetic fluctuations in 
global codes. 

★ Mutual agreement between long wavelength and arbitrary wavelength 
models.

★ Long wavelength model valid up to considerably high kyρs values.

★ Simulations on realistic scenarios reveal B1|| can have substantial impact 
depending on the case .

➢ B1|| implementation on GENE-X currently ongoing

➢ Code benchmarking (ORB5) is being pursued
Thank you!
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Parallel magnetic fluctuations in GENE global

Nonlinear simulations What is the nonlinear impact of B|| on transport?
We would expect similar behaviour to linear results

ITG

KBM

We use the LW model to avoid 
increased computational costs
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Parallel magnetic fluctuations in GENE global

β = 0.01 β = 0.016

No significant impact 
of B1|| at low β

Transport doubles 
with B1|| at high β

Nonlinear simulations

Correlates well with linear findings
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β = 0.01

First nonlinear results
[Sheffield, et al., PPCF (2025)]

No significant impact 
of B1|| at low β
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β = 0.016

First nonlinear results

Transport doubles 
with B1|| at high β

[Sheffield, et al., PPCF (2025)]

n0=1 was required for these simulations
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Verification - Long wavelength model

Verification done by taking to local limit as 𝜌*→0

LW model follows the expected trend

[Sheffield, et al., PPCF (2025)]
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Spectra for AUG comparisons

First nonlinear results
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On the fluid approximation for B|| :

24

Additional information
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Frequencies of 2D scan:

25

Full scan (frequencies)

Additional information
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Validity region, new threshold (5%)

26

Additional information
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Numerical implementation of the gyrodisk matrices:

27

Additional information
[Wilms, Merlo et al., CPC (2025)]
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And what about local simulations?

Local simulations present much more heat flux than global Not ideal for KBM studies!

Nonlinear simulations
Additional information
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Additional information

The gyrokinetic ordering:

29

.Why delta f works even at very high values?

We compare n1 not Q. n1 is small due to the 
sources fixing the profiles.

Vlasov equation

[F. Wilms, PhD thesis (2024)]
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Some normalized units definitions

30

Additional information
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Some additional results

Ky_scan?

31

Additional information


