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Gap Analysis for Fusion Development

I. Cook, D. Ward, L. Baker and T. Hender, ”Accelerated Development of Fusion”, UKAEA FUS521, February 2005
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Self-Generated and Linked Control

Alpha heating dominant, Q=Pf/PH&CD > 20-30

Bootstrap current  fraction, fb> 70%

 Physics Issue: Transport Control for AT regime operation

Reduce H&CD power 
for high Q

H & CD



ARIES-AT Equilibrium
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ARIES-AT External Current Drive 
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ICRF/FW on-axis CD; 96 MHz, N||=2, PCD=5 MW, h=0.032 A/W

LHCD off-axis CD; 3.6 GHz , N||=1.65-3.5, PCD=24.5 MW, h=0.024-0.053 A/W; 

2.5 GHz, N||=5.0, PCD=12.5 MW, h=0.013 A/W 



ARIES-AT Alternative Current Drive 
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EU DEMO CD Scenarios Based on PPCS-C
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EU DEMO CD Scenarios Based on PPCS-C
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H & CD Efficiency for DEMO

 Physics Issues: coupling and CD efficiency at high density plasmas
 Technology Issues: power source efficiency, launcher compatibility

(Technology)
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H & CD Efficiency for DEMO

 Physics Issues: coupling and CD efficiency at high density plasmas
 Technology Issues: power source efficiency, launcher compatibility
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H & CD Efficiency for DEMO

Overall heating efficiency
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NB Technical Issues for DEMO

 Negative-Ion Neutral Beam Injector
 RF negative ion source: Cesium free ?

 Neutron shielding: slit extraction and beam bending

 Advanced neutralizer: photo or plasma neutralizer

 High energy acceleration: RFQ ?

HW. RFQ?
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NB Design for J-DEMO Inoue, FED2006
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NB Current Drive Efficiency
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EC for DEMO
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Steady-State Scenario with ECCD Global Parameters

G. Giruzzi
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ECH for DEMO
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EC Technical Issues for DEMO
 Launcher

 Steering mirror at high heat and neutron irradiation

 Remote wave launcher

 Power sources : Gyrotron or FEM (Free Electron Maser) ?
 High frequency(>200GHz), high power(>1MW), CW sources

 Efficient(>50%): multi-stage depressed collector

 High power window: synthetic diamond

 Multi-frequency source
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Comparison of Gyrotron and FEM Oscillators 
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Tunable Free Electron Maser (FEM) Source 
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Window Materials for High Power Gyrotron
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High Frequency Gyrotron at 1st Harmonic

Mode란대체무엇일까? (rfdh.com)

http://www.rfdh.com/bas_rf/mode.htm
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High Frequency Gyrotron at 2nd Harmonic
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IC/LH Technical Issues for DEMO
 Launcher : coupling with minimal plasma material interactions

 High heat and neutron irradiation

 Folded waveguide, PAM(passive active multi-junction), etc

 Power sources : Klystron
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RF Power Sources : State of the Art

IOT: Inductive Output Tube
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Klystron : State of the Art
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CW Klystron Power Efficiency
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Launcher Development for LHCD
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Launcher Development for LHCD

Tore Supra



ITER Heating and Current Drive System
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ITER NBI System
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ITER IC H & CD System
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ITER ECH Gyrotron Development
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Diagnostics for DEMO
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Diagnostics for DEMO



36

Diagnostics and Control for DEMO

 Improve survivability of  major diagnostic systems

 New diagnostic development for replacing standard diagnostic systems

 Develop control system with sparse data and remote actuators 



ITER Diagnostics
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Diagnostics and Control for DEMO
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Diagnostics and Control for DEMO


