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ST Research and ST Next Steps Aim to Help Build the Scientific 
Basis for Fusion Energy; Complement and Support ITER
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U.S. STCC Selected Three Mission Options, Taking Advantage 
of Attractive ST Features

Three ST missions to advance 
fusion energy science during the

Attractive Features
• Plasma: high  limits  (>> ) qfusion energy science during the 

ITER Era (~20 years)
• High-Q Burning Plasma (BP)

• Plasma: high T limits, Ei (>>Ee), qCYL
• Device: small (size  field  PFUS  Paux); 

high DIV, WL
• Discovery: extend toroidal plasma 

Explore strongly coupled nonlinear  
plasma conditions (fBS  1,   ideal 
wall limit, etc.) prototypical of DEMO.

y p
regime and enhance understanding

PMI FNS BP

• Fusion Nuclear Science (FNS)

Elucidate and resolve synergistic 
effects in science of fusion plasma and 

Q 0.01 0.8-1.5 10-20

PFUS (MW) 0.2 19-75 300

R ( ) 1 2 1 3 1
p

neutron material interactions, fuel cycle 
& power extraction in full fusion 
nuclear environment up to 1 MW-yr/m2.

R (m) 1.2 1.3 1.5

Ip (MA) 3-4 4-7 9-17

q 3 4-6 3
• Plasma Material Interface (PMI)

Qualify candidate PFCs in long-pulse 
DD facility approaching conditions of a 

qCYL 3 4-6 3

N 3 2-3.3 5-7

WL (MW/m2) - 0 3-1 0 3
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y pp g
fusion nuclear device.

[STCC Report, 12/12/09, “Shared Documents” @ 
https://info.ornl.gov/sites/us_stcc/default.aspx]

WL (MW/m ) 0.3 1.0 3

DIV (MW/m2) varied 10 varied
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Research Priorities Established for a Coherent, Integrated 
Plan to inform DOE’s Decisions on Research Strategies

Research Priorities for Different Missions

ReNeW Thrust-16 Topics PMI FNS BP
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Startup, Rampup, Mod/Sim M H H

T-VI) Radiation-tolerant coils Did not address

T VII) E tend Tok Mod/Sim M M HPlasma Beta
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T-VII) Extend Tok. Mod/Sim M M H

TBD: need exploratory R&D 

Plasma Beta

National ST Program, LTX, Pegasus, Int Collaboration FY12 BPM 4



(T-II, III)
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(T-I, IV)

NSTX,MAST
Operation
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Kyushu U. ST Started RF-Sustained Plasma Experiments (T-V, VII)

Bi-Directional Collaboration: TST-2, LATE
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EBW Start-Up Collaboration on MAST – Progressing 
toward Tests at ~300 kW, ~300 ms (T-I) 

• Motivated by 2007 results on MAST
• Started 56 kA using 100 kW source, 90 ms, 28 GHz 

HFS X-Mode via Central Reflection

• Obtained > 0.5 A/W and Te > 500 eV (TS)

• EU-US-JA collaboration (IEA ST Agreement)
• Complementary, high leverage, cost-effective
• ORNL commissioned and shipped in 2008-2009 a 

350-kW, 300-ms gyrotron
• Gyrotron delivered 160-180 kW for 200 ms on site
• 4 U S 2 Japan researchers 7 run-days (9/09)4 U.S., 2 Japan researchers, 7 run days (9/09)

• Experiments in 2010 (< $150k/yr)
• Investigating arcing in waveguide & launcher
• Next exp. in April 2010Next exp. in April 2010
• To measure dependence on EBW power

• FY 2011-2012 goals
• Increase gyrotron power toward 300 kW

180 kW

Increase gyrotron power toward 300 kW
• Improve transmission and launcher
• Carry out higher-power experiments
• Modeling to compare & enable predictions 
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• Incremental: to $250k/yr to enable full commissioning
and research participation (14 run-days/yr)
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MAST-U Proceeding with Increased NBI Power, TF, Flux, 
and NSTX-U Complementary Super-X Divertor (T-II)
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ST Program Helps Build the Scientific Basis for Fusion 
Energy, while Complementing and Supporting ITER

 STCC Selected PMI, FNS, and High-Q BP Missions for the ITER Era
Id ifi d i h i i i R N W Th 16 ST Identified respective research priorities among ReNeW Thrust-16 ST 
topics, in a coherent integrated ST research plan

 LTX exploring science for liquid metal, low recycling wall  opportunity: p g q , y g pp y
confinement improvements

 Pegasus making progress in non-solenoidal startup and boundary 
stability  opportunities: EBW heating & current drive of plasma gunstability  opportunities: EBW heating & current drive of plasma gun 
started plasma and T  1

 Launched leveraged ST research collaboration in EBW startup on MAST 
(IEA EU US JA) t it if 0 5 A/W ffi i t 300 kW(IEA: EU-US-JA)  opportunity: verify ~0.5 A/W efficiency up to 300 kW

 MAST-U with SXD operation – highly complementary to NSTX-U liquid 
lithium PFC exploration  opportunity: SXD research collaboration

 STCC coordinated research planning in US and worldwide – enhance 
progress and efficiency
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Next: NSTX Research Program, Facility, and Upgrade plans
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