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Optimization of TRIMEG-GKX electromagnetic version

2 major optimizations
« Speedup 2.65 X
« Speedup 1.65 X

* Using TRIMEG-GKX
[JCP, 440 110384 (2021):

PPCE 65 034004 (2023);
CPC 320 109959 (2026)]

perf: batch G2P + cubspline, 1.65x speedup (JET 4-species)

17 - created 1day ago by Guo Meng ¥ develop

perf: 2.65x particle push speedup via B-spline fast paths (iequmodel=1)

16 - created 2 weeks ago by Guo Meng ¥ develop
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pt Record
ptpullback

----Record to Data_Particle2.tx

pt Record
ptpullback e.

-Record to Data Particle3.tx

pt Record
ptpullback ©.

---Record to Data_Particle4.t>

==Timer i
pt init
push+g2p
pt p2g
pt Record
ptpullback @.

Record 9.1
cputime:
=finalize PETSCEMPT
==Test GKEM ~..ds==

Speedup ~2.65 X

pt Record
ptpullback

----Record to Data_Particle2.txt----

==Timer info===

push+g2p
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pt Record

ptpullback e.
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pt Record
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pt Record
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Optimization enables larger device simulations at lower cost

Tokamak Devices: Magnetic Field vs Major Radius
(Circle radius represents Minor Radius, colors uniquely identify devices)

This work: DIII-D, JET_
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DIlII-D RSAE benchmark

S. Taimourzadeh, et al., NF, 59 (6), 066006 (2019)

Good agreement with other codes

RSAE linear dispersion
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JET case #99896 with D-T

Two input resources

GENE: 99896, from Alessandro 99896 (@8.5s (g>1), IMAS data
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JET D-T simulation using GENE
A. Di Siena Nuclear Fusion 65, 086019 (2025)

4 species: e, D, T, and EP(combined), mgp = 1.5AU
Radial coordinate pr (GENE) is converted to p, for TRIMEG
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Comparison with GENE

« Lower resolution is adopted in TRIMEG for saving resources
« Higher resolution cases are ongoing

Linear Dispersion
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Mode structure forn =8

¢‘-n-8
T T 1= SR 28

l:— : . ~’\\\ ] 5 .
08t/ , A b —m=5 ]
0.6 : [“‘ Sl L —atd
2D mode structure and radial 04 ‘ o e ;e
. . E ' ' — —m=11 :
structure of poloidal harmonics Chy ',( » :5 s —m-iz
o | | gt a7l —ah
« Studies with larger N, is ongoing b\ \\\ i =
E N e BE E
o4f A B | ]
-0.6 f..u....-xul‘ﬁ,_.,.-ﬁ/. ‘:/1..;1. “Bas 0.6 0.7

24 26 28 3 32 34
R [m]

3 0.8}

0.6

0P

0.4 ¢

0.2 7

0

0.2 0.4 0.6

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | AUTHOR NAME | DATE TRIMEG GKX V QpT,ﬂOTm




High n mode

Microinstability is excited for n > 10
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Inputs from IMAS

274 time slice, choose @8.508 s
9 species include impurities, in simulations we use 4 species: e, D, T, and fast D
IDS Convert to EQDSK for TRIMEG (cocos 3)

Profiles convert to radial coord. p, =/,

19
90 . 10
— Electron T Electron
80 | . ———D thermal - 4.5 ¢ Y D thermal -
™\ T thermal . T thermal
20 ' . D fast | 4t “x\h\ D fast
\
N 3.5¢1
60 "
\\
..\ 3 L
=50 \ .
% N c25¢ S 1
= i : Y
= 40 N .
i 2t — . \
30 N 1 Ls \I
m\_‘t i =N S E
20 1t
101 1 0.5 .
_._______—_— ""-—\..___\_-_\_\-
0 ) ) L e 0 P
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
\sqgrt \psi \sqrt \psi

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | AUTHOR NAME | DATE SHORT TITLE GOES HERE 10



Simulation with IMAS data
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Identifying the Root Cause of g-Profile Differences

* checked ORIGINAL IMAS q profile @8.51 and 8.56

in<
q Profile Comparison (Shot 99896, Run 5) qmln 1

- t =8.508s

— t=8.568s » IDS to eqdsk (chease) , g slightly varied (g>1)

» Next step: contact CHEASE people

-~
L

s S att= 8.508 ------- - at t= 8.568 -------
g rho_tor norm | rho_tor_norm |
21 0.020 | 0.962 0.020 | 0.958
0.040 | 0.942 0.040 | 0.937
1 0.060 | 0.936 0.060 | 0.932
00 02 0.4 o 06 08 10 0.080 | 0.937 0.080 | 0.933
| 0.100 | 0.944 0.100 | 0.940



Summary

« TRIMEG-GKX has been optimized recently with >5x speedup in total
« Good agreement with other codes is achieved for DIII-D benchmark case
« JET D-T case is ongoing, with agreement with GENE

* Nonlinear studies are ongoing
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Profiles Check
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