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IIHL

• Example, JET D-T plasmas with fast 3He 

(similar to #99629) [7]

• Doppler shift changes absorption by 

spreading out resonances to regions with 

different polarization and phase integral

• Pitch distribution narrows Doppler shifted 

resonance region for high energies

• Including Doppler shift (DS) predicts 

increased or decreased fast ion temperatures 

in different regions of plasma

• Without DS localised high fast ion 

temperature around tangential resonance

• 𝜌 < 0.2: strong 3He absorption at IIHL

• 𝜌 < 0.2: No resonances w/o Doppler shift

• 𝜌 ∼ 0.2: Increased electron absorption w/o 

Doppler shift

• 𝜌 ∼ 0.2: Doppler shift pushes tangential 

resonances away from equatorial plane

• Pitch angle average, 𝑋 𝜆 = 𝐼(𝑋)/𝐼(1), where

𝐼 𝑋 = න
𝜓

𝜓+𝑑𝜓

𝑑3𝑟 න
𝑣

𝑣+𝑑𝑣

𝑑3𝑣  𝑋 ∝ න𝜏𝑏𝑋 d𝜆

• ⟨𝐶⟩ includes energy diffusion, 𝛽, and slowing 

down, 𝜅

𝐶 =
1

𝑣2

𝜕

𝜕𝑣
𝑣2 −𝜅𝑓𝑠 +

𝛽

2

𝜕𝑓𝑠

𝜕𝑣

• Quasilinear operator

𝑄 =
1

𝑣2

𝜕

𝜕𝑣
𝑣2⟨𝑓𝐷𝐷⟩

𝜕𝑓𝑠

𝜕𝑣

Here 𝐷 𝑣, 𝜆 is bounce averaged diffusion 

coefficient [6]

• Integral  𝜏𝑏𝑓𝐷𝐷 d𝜆 has singularity at 

tangential resonance that is removed when 

integrating in poloidal angle 𝜃𝑟, where

𝜔 − 𝑘∥ 𝜃𝑟  𝑣∥ 𝜃𝑟 − 𝑛 Ω𝑐 𝜃𝑟 = 0 

𝑓𝐷𝐷 = 

𝑛.𝑛𝜙,𝜔

𝑍2𝑒2𝐿

8𝑣𝑚2ℓ
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2𝜋 𝑓𝐷 𝜆 𝐸+𝐽𝑛−1 + 𝐸−𝐽𝑛+1
2

𝑘∥
𝑑𝜃𝑟

where ℓ = 𝑣  𝜏𝑏 d𝜆 and 𝐿 is circumference of 

flux surface.

• The solution to the 1D Fokker-Planck 

equation as proposed by Stix [3]:

𝑓𝑠 𝑣 = 𝑓 0  exp − න
0

𝑣 2 𝜅

𝛽 + 𝐷
𝑑𝑣′  

• We propose a modified Dendy model [4]

𝑓𝐷 𝑣, 𝜆 ∝ exp −
𝐸⊥

𝑇⊥
−

𝐸∥

𝑇∥
−

𝐸∥ − 𝐸∥

𝑇⊥

where 𝐸⊥ = 𝐵𝑟𝜇 and 𝐸∥ = 𝐸 − 𝐸⊥ and

𝐵𝑟 = 𝑚𝜔/(𝑛𝑍𝑒), 𝑇⊥ = − 𝜕𝐸 ln 𝑓𝑠  −1 , 

𝑇⊥ = max 𝑇⊥, 𝐸𝛾 , and 𝐸𝛾 is the critical energy.
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• Rapid ICRH modelling is needed for 

integrated modelling, scenario development 

and analysis, machine design etc.

• 1D Fokker-Planck models have been 

successful [1,2]

• Doppler physics is missing 

in 1D model:

- Important for interaction 

with transport and MHD

- Doppler shifted absorp-

tion at the ion-ion hybrid 

layer (IIHL) enhances 

the absorption, see Fig.

• Foppler, new 1D-FP code

including Doppler physics

• Combines the Stix-solution [3], with rabbit 

ears from Dendy [4].

• Uses waves from FEMIC [5]. Self-consistent 

coupling with FEMIC is under development.

Our goals are:

I. Present 1D Fokker-Plank model Foppler

II. Ad-hoc pitch angle distribution, from 

Dendy model, enables pitch angle 

averaging.

III. Clarify impact of Doppler shift on 

quasilinear diffusion and distribution fcn.

IV. Quantify importance of Doppler shifts in 

JET D-T plasmas

¨

• Fokker-Planck (FP) eq. predicts generation of 

fast ions and heating of thermal plasma

• Quasilinear time scales can be described by 

bounce averaged FP, for 𝑓(𝑣, 𝜆, 𝑝𝜙, 𝜎), where 

𝜆 = 𝐵0𝜇/𝐸
𝐶 𝑓 + 𝑄 𝑓 = 0

- 𝐶 𝑓 is the Coulomb collision operator 

- Q 𝑓 is the quasilinear diffusion operator 

• Simplifications required for rapid simulations

I. Thin orbit, 𝑝𝜙 →  𝜓

II. Ansatz 𝑓 = 𝑓𝑠 𝑣  𝑓𝐷 𝑣, 𝜆 , 𝑓𝐷 𝜆 = 1

III. Solve pitch angle averaged FP 

equation for 𝑓𝑠

IV. Use ad-hoc model for 𝑓𝐷

Introduction

Fokker-Planck model

Pitch angle averaged FP

Pitch angle distribution

Discussion and Conclusions
1. 1D Fokker-Planck model is advantageous in 

simplicity, transparency and rapidity

2. Despite being a 1D model, we include 

Doppler shift and a pitch angle distribution

3. Singularities in RF diffusion coefficient have 

been resolved

4. Fast ion temperature modified by DS

5. LFS resonance, strong damping at IIHL 

requires Doppler shifts to model.

Diffusion coefficient ⟨𝒇𝑫𝑫 𝒗 ⟩

Distribution 𝒇(𝒗)
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Power Absorption
𝜌 = 0.5

Antenna Wave Fast ions Heat

I. FEMIC II. Foppler

iterate

𝜌 = 0.5

𝜌 = 0.2

Tail Temp 𝝆 = 𝟎. 𝟐 𝝆 = 𝟎. 𝟓

With DS 131keV 125keV

W/o DS 209keV 21keV
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