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COMPASS-U will be equipped with an NBI heating system.

An additional ECRH heating is planned on the tokamak.

Main features of the ECRH:

Heating 

Improving H-mode performance

Preventing impurity accumulation in the core

Suppressing Neoclasical Tearing Modes (NTMs)

Current Drive (ECCD) – profile tailoring

Motivation
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Hot plasma – Kinetic theory
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Hot plasma – Kinetic theory

Doppler shift Relativistic massn-th harmonic

EC Waves[1-3]
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COMPASS-U: DEMO relevant research (R0 = 0.84 m, a = 0.28 m) 

BT: 5 T, Ip: 2 MA, discharge length 1-5 s, ne: ~ 1020 m-3

PNBI = 4-5 MW, PECRH = 4 MW

M. Farník: ECRH / FTTF / 2019



07/16

ECRH for COMPASS-U

7/18

COMPASS-U: DEMO relevant research (R0 = 0.84 m, a = 0.28 m) 

BT: 5 T, Ip: 2 MA, discharge length 1-5 s, ne: ~ 1020 m-3

PNBI = 4-5 MW, PECRH = 4 MW

1st harmonic heating (high BT)

Considered 140GHz (ASDEX-U) or 170GHz (ITER) systems

M. Farník: ECRH / FTTF / 2019



07/16
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Reminder:

COMPASS-U: DEMO relevant research (R0 = 0.84 m, a = 0.28 m) 

BT: 5 T, Ip: 2 MA, discharge length 1-5 s, ne: ~ 1020 m-3

PNBI = 4-5 MW, PECRH = 4 MW

1st harmonic heating (high BT)

Considered 140GHz (ASDEX-U) or 170GHz (ITER) systems

O-mode: cutoff density ≈ 2.5∙1020 m-3 for 140 GHz

X-mode: core achievable from the HFS

M. Farník: ECRH / FTTF / 2019



07/16

ECRH for COMPASS-U

8/18

High densities – above the cutoff condition in H-mode
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ECRH for COMPASS-U
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High densities – above the cutoff condition in H-mode

Higher harmonic heating not possible with current gyrotron 

technology (250 GHz gyrotron GYCOM in testing phase)

1st harmonic X-mode is optically thin thus not suitable for the

ECRH

HFS launcher or mirror technically difficult

Difficulties 
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Baseline 5T scenario equilibrium

Credit: PLEQUE – L. Kripner

SPECE code[4]

M. Farník: ECRH / FTTF / 2019



09/16M. Farník: ECE / Mariánská / 2018
9/18M. Farník: ECRH / T&M seminar / 2018

Baseline 5T scenario equilibrium

Temperature and density profiles

Credit: PLEQUE – L. Kripner

SPECE code[4]
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resonant electrons
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Preliminary results

Core density above cutoff

condition

Pretty bad!

O-mode → cutoff = reflection

X-mode → from HFS but low α
100x lower than O-mode

140 GHz       170 GHz 
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Preliminary results
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5 T → 140 Ghz

ncut = 2.5∙1020 m-3

Only H-mode discharges

with Ip≤ 1.2 MA

COMPASS-U:   2 MA desired

Greenwald density:  𝑛G =
𝐼p

𝜋𝑎2

Natural H-mode density ≈ 0.5∙nG
note: not maximum density!

not for 300°C hot wall
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Frequency: 140 – 150 GHz

O-mode cutoff: 2.5 - 2.8∙1020 m-3 

Toroidal angle: 0 – 15°

ECRH Parameters

Proposal: ECRH for the High B-field (5 T) Dischages
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Frequency: 140 – 150 GHz

O-mode cutoff: 2.5 - 2.8∙1020 m-3 

Toroidal angle: 0 – 15°

ECRH Parameters

0° 15°

ρ = (R - R0)/a

0°

15°
99,3 % power of the beam

is absorbed

Proposal: ECRH for the High B-field (5 T) Dischages
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ECRH would be very favourable at COMPASS-U.

Reaching the core of the COMPASS-U plasma is strongly

dependent on the electron density.

Natural H-mode density in preffered discharge scenarios is much

higher than the cutoff condition. ECRH will not be usefull in later

phases of these discharges.

It is necessary to model the behaviour of plasma in H-mode at

COMPASS-U.

To avoid these restrictions, we should cooperate with the DEMO

gyrotron developement group in Russia.
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