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2PSZS theory - Motivations

Zonca F. et al. New Journal of Physics 17.1 (2015): 013052

Chen L, Zonca F. Reviews of Modern Physics 88.1 (2016): 015008
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PSZS theory - Foundations

For more details see, e.g.,: Barnes et al. 2010

Barnes et al Physics of Plasmas 17.5 (2010): 056109
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PSZS theory - Foundations

For more details: Zonca et al 2015, Zonca et al 2021
Zonca et al. Journal of Physics: Conference Series. Vol. 1785. No. 1. IOP Publishing, 2021
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PSZS theory – Orbit average

M. V. Falessi, F. Zonca Physics of Plasmas 26.2 (2019): 022305
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7Zonal state – Neighboring equilibria
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L. Chen L., F. Zonca, Nuclear Fusion 47.10 (2007): S727
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8Zonal State – Governing equation
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9Zonal State – Multipolar expansion
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J.R. Cary, A.J. Brizard Reviews of modern physics 81.2 (2009): 693

A.J. Brizard, T.S. Hahm Reviews of modern physics 79.2 (2007): 421
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Zonal State – Multipolar expansion
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11Zonal state – recap

October 12th 2022November 8th 20223rd trilateral EP meeting



12Zonal state – HMGC diagnostic

Courtesy of S. Briguglio
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Zonal state – ORB5 diagnostic

A. Bottino et al – Varenna 2022
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14Transport models - Hierarchy
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15Transport models - ATEP

October 12th 2022November 8th 20223rd trilateral EP meeting



16Transport models - DAEPS
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17Transport models - DAEPS

October 12th 2022

Extracted wave intensity dependence, leaving parallel mode structures implicit

Orbit shift and 𝑛𝑞𝑗 phase: microscopic scales (𝑗 = 0 dominant);

Radial envelope: meso-scale and macro – scale;

𝑙 summation, weighting on filaments (parallel mode structure).
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• The frequency of damped TAE mode with the fluid and kinetic continuum shows that 

the frequency lies inside the gap of the Alfvén continuous spectrum.

• It is also suggests that the frequency of the fluid continuous spectrum is highly 

consistent with the kinetic continuous spectrum for branches with strong Alfvénic 

polarization.
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• The fast particle induced TAE is calculated with circulating particle considering general geometry effect of DTT geometry, 

ignoring the FLR effect and considering the FOW effect of fast ion.

• q=1.1, 𝜔

𝜔𝑇𝑖
= 6.86 + 0.0779𝑖, 𝜔

𝜔𝑇𝑓
= 1.04 + 0.0118𝑖
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Transport models - DAEPS

Courtesy of Y. Li
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Transport models – LIGKA/Hagis

Courtesy of P. Lauber
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using ITER NBI off-off axis configuration

Transport models – LIGKA/Hagis

Courtesy of P. Lauber
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Transport models - applications

Courtesy of P. LauberCourtesy of Y. Li
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Conclusions

• PSZS are a possible definition of nonlinear equilibrium distribution function; 

• together with zonal field structures and residual orbit averaged particle 

response they define the zonal state;

• this definition is particularly important in collisionless burning plasmas, 

where one cannot always describe transport via evolution of macroscopic 

radial profiles of a reference Maxwellian;

• PSZS have been extracted from nonlinear gyrokinetic simulations: ORB5, 

HYMAGYC;

• PSZS governing equation has been solved using DAEPS and 

LIGKA/HAGIS;
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