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2023 Deliverables
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3  WP2.1-M1   Benchmark of DAEPS/Falcon in general toroidal geometry against reduced local LIGKA analysis 
for trapped particles,   mid 2022

8  WP2.2-M3 Generalise fast analytical LIGKA version to non-Maxwellian distribution functions, in particular 
slowing down     End 2023 
      
6  WP2.2-M1    Develop (semi-)analytical trapped particle model for LIGKA,    ongoing 
         
7  WP2.2-M2   Test and tune analytical global mode structure model for LIGKA/HAGIS,    ongoing 

fully 
ongoing 
not started

Milestones 1

9 WP2.3-M1   Derive equations for local LIGKA-like version in 3D Mid 2022  (slightly delayed - mid 2024)

5  WP2.1-M3  Benchmark of DAEPS in general stellarator geometry (jointly with WP2.3), mid 2024 delayed

      
10 WP2.3-M2 Local eigenvalue code in 3D  including passing particles    mid 2024 
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17  WP3.3-M3   Finish reduced EP transport workflow based in LIGKA/HAGIS within IMAS 
combine neoclassical and wave-induced modules  mid 2024

18  WP3.4-M1  Develop and implement radial diffusion model to RABBIT   End 2022  (canceled)

19  WP3.4-M1    Apply extended RABBIT model to transient events, e.g. EP evolution during 
sawtooth cycles   End 2023 

Milestones 2

fully 
partly 
not started

23 WP3.6-M2  Calculate particle and heat transport in the presence of turbulence with ORB5 for 
validation of the reduced models: upgraded milestone: compare PSZS!     mid 2024       
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publications/conferences 2023
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2023 highlights and outlook to 2024 
(end of ATEP 31.5.2024)
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[M.V. Falessi et al, EPS 2023,   invited talk]
[M.V. Falessi et al, EFTC 2023, invited talk]
[M.V. Falessi et al, IAEA FEC 2023]
[M.V. Falessi et al, NJP 25 123035 2023]

WP1: theoretical framework

WP1-D3  Self-consistent description of EPM repeated burst dynamics using the PSZS theoretical framework

• evolved fundamental PSZS transport theory: include zonal fields as e.m. counterpart 
of phase space zonal structures - comprehensive description of nonlinear equilibrium

• nonlinear equilibrium connected to (anisotropic) CGL description 
• application of theory to EGAMs - explicit equations for non-linear chirping dynamics - 

ready for comparison with simulations

[F. Zonca et al, IAEA FEC 2023]
[F. Zonca et al,  AAPPS-DPP 2023]

+ 3D version of PSZS equation [A. Zocco et al, 2023]
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WP 2/3:  ATEP code - added energy conserving QL model

amplitude dependent  <dPΦ/dt>, <dE/dt> needed!

PΦ Λ

different
δB/B

<dPΦ/dt>
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ATEP code: added back-mapping to configuration space

return non-linear EP density, current, pressure to transport code
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WP 2/3:  new neoclassical building block for ATEP 3D [G Meng, Ph. Lauber, submitted NF 2024]

• use collision operator in HAGIS code [A. Bergmann,  PoP 2001]
• calculate orbit averaged collision-coefficients in CoM space
• NEW: separate co- and counter-passing regions, use IMAS-given n,T profiles
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WP2/3:  new neoclassical building block for ATEP 3D [G Meng, Ph. Lauber, submitted NF 2024]

compare to SPOT: reasonable agreement

ready to merge wave-induced and collisional part - early 2024
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WP 2: extend LIGKA for non-Maxwellian distributions

master thesis R. Stucchi:

• review and improve numerical algorithm (Hilbert 
transform) for the integration of general distribution 
functions with resonance denominator [Xie, 2013]

• in depth analysis of pole structure in the presence of 
non-analytical features of F - (cut-off velocity, absolute 
values,…)

• application the EGAM dispersion relation

• implementation of improved algorithm into LIGKA
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Expectation for a pure diffusive model (QL):
trajectories - measured with δs=s(τ-δτ)-s(τ) - defined by       
random walk 
PDF expected to be a normal distribution 

WP3: develop reduced models -1D bump on tail model

• can we describe the  previously studied ITER 15MA case 
with a diffusive model?

• using test particle analysis for analysing global transport 
properties

• determined diffusive (τ) vs. convective (τ2) scalings
• different behaviour of high-n TAE and low-n TAE branch!

BUT:  asymmetry of the PDF:
Non diffusive transport!

diffusive scenario

ITER scenario
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• Lagrangian Coherent Structures: most repulsive or attractive material lines (transport barriers).

• Early times show diffusive behaviour at high-n TAE locations

• Late times show avalanche-like behaviour at low-n branch

WP3: 1D bump on tail model - Lagrangian Coherent Structures

[N. Carlevaro et al, to be submitted]

high-n low-n

mode amplitudes of
TAE spectrum
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•Lagrangian Coherent Structures: most repulsive or attractive material lines (transport barriers). 
They are associated with peaked profiles of the Finite-Time Lyapunov Exponent (FTLE)

WP3: 1D bump on tail model - Lagrangian Coherent Structures

[N. Carlevaro et al, to be submitted]
diffusive scenario

ITER scenario



Monitoring of ENR-MOD 2023 activities : ENR-MOD.01.MPG 7.2.2024 19

• together with TSVV10: non-linear benchmark for NLED AUG case has been carried out              
[G. Vlad, IAEA FEC 2023, submitted NF] - important benchmark for ATEP code suite.

• note large instability-induced EP transport, deviating substantially from neoclassical values

WP3.5: MHD-kinetic hybrid models deliver benchmarks for reduced models

• STRUPHY: implementation of energy-conserving hybrid MHD-drift-kinetic 
model enabling long-time numerically stable simulations [B.K. Na, 2023]

• coupling to GVEC 3D equilibrium solver for application to tokamaks and 
stellarators finished

• Parallelisation (MPI, OpenMPI) for PIC  and FEEC part 

• started discussions about adding LCS, PSZS 
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• comparison of PSZS between ATEP and ORB5: n=19 TAE ITER #101006  (ongoing) 

ORB5: slowing down 
 n=18+19 case, linear phase

WP3.6: Comparison of reduced models with ORB5

ATEP: phase space fluxes 
 n=18+19 case 
hot Maxwellian

ORB5 vs ATEP 

• remaining differences: non-perturbative modes in flat-shear scenario 
• very challenging, but promising start for comprehensive quantitative match!

[T Hayward-Schneider, A. Bottino; TSVV-10]



Monitoring of ENR-MOD 2023 activities : ENR-MOD.01.MPG 7.2.2024 

comprehensive AE + ZF studies + turbulence  (ORB5/TSVV10)
here: JET case [J. N. Sama,  submitted to J. Plasma Phys. (2024)]

EP Stability WF: TAE+ ZFZF 
using analytical theory [Qiu, NF 2017]
ITER case

WP3.6: ORB5 studies of TAE-induced ZF - very helpful for including ZFs in reduced models

• stabilising influence of ZF on ITG spectrum demonstrated
• reasonably large TAE amplitude required for stabilisation
• PSZS diagnostics available as a standard diagnostics in ORB5

building on successful comparison of theory with
GTC fishbone simulations [Brochard, accepted 2023]

TAEZFZF
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WP4:  Experimental reference cases

• additional reference cases and scenarios collected and adapted to various WFs in 2023:
• AUG - GAEs, ITER - new HFPS simulation +ASCOT , JET - #99896 (with TSVV10),  JT-60SA
• application of  EP-Stability WF  for interpretation of AUG INPA (Imaging neutral particle analyser) data -  PSZS 

validation ongoing

J. Rueda Rueda [FEC 2023]
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summary, outreach

• most deliverables and milestones fully reached in 2023 
• deviations/shifts/swaps motivated by personnel changes, decision points after in-

depth analysis
• most important ATEP goals have been already reached 

• training course has been offered on EP- Stability WF (material + videos)
• ACH help for assessing iWRAP and PAF possibilities - ongoing discussions 
• direct outreach to TSVV11 and DEMO (C. Bourdelle),  ITER (Brochard, Pinches), 

JT-60SA, JET (with TSVV10), WPTE (INPA), DTT 

• many follow-up plans  - ‚enabling‘ in the best sense
• request from community for fast reduced models needed DEMO studies: 

this has been started in ENR ATEP - need for follow-up in the next years!


