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• Restructured to close gaps on FPP & ITER
– Goal oriented decision making structures è
– TRL approach targets reactor needs

DIII-D Embracing Long Range Plan & Bold Decadal Vision
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• Restructured to close gaps on FPP & ITER
– Goal oriented decision making structures
– TRL approach targets reactor needs
– Shared leadership model reflects participation è
• 33% Unis, 31% Nat labs, 31% GA, 4% international
• 13% women (6 out of 48 roles)
• Many early career leadership opportunities

DIII-D Embracing Long Range Plan & Bold Decadal Vision
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Topical Categories for ROF Proposals 2024-2025 
Task Forces

C. Petty
(P. Gohil)

FPP Research
Morgan Shafer and Chris Holcomb, 

co-leaders

Plasma Interacting Technology
Tyler Abrams and Andrew Dvorak, 

co-leaders

ITER Research
Xi Chen and George McKee, 

co-leaders

Long Pulse Tungsten 
Compatible SS Scenarios

JM Park, J. Chung
(S. Kim)00

Integrated High bP 
Scenario

A. Garofolo, X. Gong
(Q. Hu)01

Steady-State and Pulsed 
Fusion Core
A. Garofalo
(B. Victor)11

Plasma Control

D. Eldon
(J. Barr)12

Divertor Science and 
Innovation
A. McLean

(J. Yu)13

Core-Edge Integration

H. Wang
(R. Wilcox)14

Thrust: Shape Rise Divertor

T. Wilks
(T. Osborne)16

Plasma-Material 
Interactions
D. Rudakov 
(G. Sinclair)21

Torkil Jensen Award

03

Uncategorized

C. Petty
(P. Gohil)04

Disruption Mitigation

J. Herfindal
(A. Battey)22

Heating and Current Drive

B. Van Compernolle
(S.X. Tang)23 24

Thrust: High Field Side 
LHCD

M. Cengher
(A. Seltzman)26

ITER Integrated Scenarios

J. Hanson
(N. Leuthold)31

Turbulence and Transport

L. Schmitz
(M. Austin)32

Pedestal and Non/Small 
ELM Regimes
A. Bortolon
(J. Chen)33

Transient Control

N. Logan
(L. Bardoczi)34

Thrust: High Opacity and 
Density Operation

Z. Yan
(S. Haskey)36

Thrust: Fast Ions, Turbu-
lence and Alfvén Waves

X. Du
(W. Heidbrink)35

Negative Triangularity

K. Thome
(F. Scotti)15

Diagnostics and 
Actuators
S. Hong
(Y. Zhu)24

Thrust: FPP Candidate Wall 
Materials
J. Coburn

(F. Effenberg)25

Frontiers Science

D. Orlov
02
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• Restructured to close gaps on FPP & ITER
– Goal oriented decision making structures
– TRL approach targets reactor needs
– Shared leadership model reflects participation

• Plasma Interacting Technology Program
– Platform approach: rapid access & support
– Explicit FPP goal, serving wider community

DIII-D Embracing Long Range Plan & Bold Decadal Vision
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• Restructured to close gaps on FPP & ITER
– Goal oriented decision making structures
– TRL approach targets reactor needs
– Shared leadership model reflects participation

• Plasma Interacting Technology Program
– Platform approach: rapid access & support
– Explicit FPP goal, serving wider community

• Outreach to private sector & wider community
– New user framework - open, free, supported. IP protected
– Workshops, consultations, Program Advisor Committee
• 7 institutions signed up already

DIII-D Embracing Long Range Plan & Bold Decadal Vision
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• Restructured to close gaps on FPP & ITER
– Goal oriented decision making structures
– TRL approach targets reactor needs
– Shared leadership model reflects participation

• Plasma Interacting Technology Program
– Platform approach: rapid access & support
– Explicit FPP goal, serving wider community

• Outreach to private sector & wider community
– New user framework - open, free, supported. IP protected

• Independent oversight
– New User Board of PIs, chaired by university
• Representative Research Council selected run priorities

– All projects determined & owned by DOE

DIII-D Embracing Long Range Plan & Bold Decadal Vision
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Serving the national interest as an SC User Facility
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Developments Underway Close Key Gaps on Fusion Energy

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes ECH
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Developments Underway Close Key Gaps on Fusion Energy

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes

• New shape & volume rise divertor being installed
– Extend pedestal density & pressure limits & test slot principles
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Developments Underway Close Key Gaps on Fusion Energy

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes

• New shape & volume rise divertor being installed
– Extend pedestal density & pressure limits & test slot principles
– Successor research divertor to isolate detachment in planning è

ECH

Research
divertor

2026

Shape rise 
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2024
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HFS-LHCD

Developments Underway Close Key Gaps on Fusion Energy

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes

• New shape & volume rise divertor being installed
– Extend pedestal density & pressure limits & test slot principles
– Successor research divertor to isolate detachment in planning

• New high field side LHCD system
– Efficient high density current for reactors

ECH

Research
divertor

2026

Shape rise 
divertor

2024

ß built
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HFS-LHCD

Runaway
coil

Developments Underway Close Key Gaps on Fusion Energy

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes

• New shape & volume rise divertor being installed
– Extend pedestal density & pressure limits & test slot principles
– Successor research divertor to isolate detachment in planning

• New high field side LHCD system
– Efficient high density current for reactors

• Runaway electron mitigation coil design started

ECH

Research
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HFS-LHCD

Runaway
coil

Developments Underway Close Key Gaps on Fusion Energy

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes

• New shape & volume rise divertor being installed
– Extend pedestal density & pressure limits & test slot principles
– Successor research divertor to isolate detachment in planning

• New high field side LHCD system
– Efficient high density current for reactors

• Runaway electron mitigation coil design started
• Pellet upgrades to raise density & solve disruptions

ECH
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HFS-LHCD

Runaway
coil

Developments Underway Close Key Gaps on Fusion Energy

Exciting capabilities in next 1 – 4 years
Wall + 
Fusion Tech

• Gyrotron upgrade to 10 lines, doubling power
– Scope steady state and pulsed FPP limits & develop 

control in burning plasma relevant regimes

• New shape & volume rise divertor being installed
– Extend pedestal density & pressure limits & test slot principles
– Successor research divertor to isolate detachment in planning

• New high field side LHCD system
– Efficient high density current for reactors

• Runaway electron mitigation coil design started
• Pellet upgrades to raise density & solve disruptions
• Planning full wall change out & technology tests
– Address fusion technology needs including innovation in plasma confinement 

with relevant wall material – materials choice by community

ECH

Research
divertor

2026

Shape rise 
divertor

2024

Pellets
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• Early career opportunities
– Leading science, talks, papers, systems
– New mentorship program

Prof. Livia Casali 
“Innovative Core-Edge Solutions for Tokamaks”
 Co-lead DIII-D Core-Edge Task Force
 Now Professor at UT Knoxville
 Early career award

Shaun Haskey
“Main Ion Transport and Fueling in the  

Pedestal: From Formation to Sustainment”
Leader of key DIII-D CER diagnostic

 Early career award

Mike Van Zeeland
APS Fellow

A. Rosenthal
 MIT PhD

DOE SC Highlight

Supporting Development of Workforce & Addressing DEIA
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• Early career opportunities
– Leading science, talks, papers, systems
– New mentorship program

• Strong student engagement
– Dedicated PhD run time supported 18 theses
– Learning seminars & social connection
– Year round internships thru’ SULI & CCL
– 254 postdocs & students; 36 uni PIs

Prof. Livia Casali 
“Innovative Core-Edge Solutions for Tokamaks”
 Co-lead DIII-D Core-Edge Task Force
 Now Professor at UT Knoxville
 Early career award

Shaun Haskey
“Main Ion Transport and Fueling in the  

Pedestal: From Formation to Sustainment”
Leader of key DIII-D CER diagnostic

 Early career award

Mike Van Zeeland
APS Fellow

Graduate 123
Undergrad 78

Uni PI awards 36

FY23 universities

A. Rosenthal
 MIT PhD

DOE SC Highlight

Supporting Development of Workforce & Addressing DEIA
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• Early career opportunities
– Leading science, talks, papers, systems
– New mentorship program

• Strong student engagement
– Dedicated PhD run time supported 18 theses
– Learning seminars & social connection
– Year round internships thru’ SULI & CCL

• Addressing DEIA
– Code of conduct with consequences
– Open opportunities policy w/ career pathways
– Implicit bias and bystander training
– SWE, HSIs, CuWiP, GEM interns, Preuss school, girls TechTrek
– Pioneering double anonymized XP review

Supporting Development of Workforce & Addressing DEIA
Prof. Livia Casali 
“Innovative Core-Edge Solutions for Tokamaks”
 Co-lead DIII-D Core-Edge Task Force
 Now Professor at UT Knoxville
 Early career award

Shaun Haskey
“Main Ion Transport and Fueling in the  

Pedestal: From Formation to Sustainment”
Leader of key DIII-D CER diagnostic

 Early career award

Mike Van Zeeland
APS Fellow

A. Rosenthal
 MIT PhD

DOE SC Highlight

Ongoing path – more work needed
Graduate 123
Undergrad 78

Uni PI awards 36

FY23 universities
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Research is Rapidly Advancing the Field

Strong delivery over 3 years

compared to DOE requested run weeks (107%)

• Record 1604 hours in last 2 years 
– 140 scientific studies, 18 PhD theses

– Hybrid remote operation developed

DIII-D Run Hours per Year
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Research is Rapidly Advancing the Field

• Record 1604 hours in last 2 years 

• Strong delivery of projects
– Negative triangularity armor enabled transformational  è

insights into exciting potential reactor configuration

3 Thome / 2023 PAC / 7-26-2023

• Reliable vertically stable plasmas constructed that lasted 
the entire discharge length

• High performance achieved in an ELM-free regime with 
H98>1 and ꞵN>2.5

• Operation at q95<3

• Greenwald fraction fGW~ 2 demonstrated

• Dissipative edge solution obtained with divertor 
detachment 

Initial DIII-D Experimental Observations Are Promising for an FPP

Averaging 
over 400 
ms
stationary 
phases
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8 K. Thome DOE Review Panel, 2023

Negative Triangularity Campaign Executed in Jan-Feb 2023

• Previous DIII-D experiments have used 
limited or diverted plasmas with 
average δ of -0.2 to -0.3

• Diverted NT campaign required 
armoring of lower outer wall ports to 
protect machine and diagnostics
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Research is Rapidly Advancing the Field

• Record 1604 hours in last 2 years 

• Strong delivery of projects
– Negative triangularity armor enabled transformational 

insights into exciting potential reactor configuration

– New helicon ultrahigh harmonic fast wave with innovative
traveling wave antenna provided heating & current drive

3 Thome / 2023 PAC / 7-26-2023

• Reliable vertically stable plasmas constructed that lasted 
the entire discharge length

• High performance achieved in an ELM-free regime with 
H98>1 and ꞵN>2.5

• Operation at q95<3

• Greenwald fraction fGW~ 2 demonstrated

• Dissipative edge solution obtained with divertor 
detachment 

Initial DIII-D Experimental Observations Are Promising for an FPP
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Negative Triangularity Campaign Executed in Jan-Feb 2023

• Previous DIII-D experiments have used 
limited or diverted plasmas with 
average δ of -0.2 to -0.3

• Diverted NT campaign required 
armoring of lower outer wall ports to 
protect machine and diagnostics

1 R.I. Pinsker, 47th EPS Plasma Physics Conference, June 21-25, 2021

Experimental Studies of Helicon Wave Excitation, Propagation, 
Damping and Current Drive on the DIII-D and LAPD Devices

R.I. Pinsker1, B. Van Compernolle1,          
M.W. Brookman1, C.P. Moeller1, R.C. O’Neill1,             
A.M Garofalo1, C.C. Petty1, T.A. Carter2,      
A. Nagy3, C.H. Lau4, and M. Porkolab5

1 General Atomics, San Diego, California, USA
2 University of California Los Angeles, USA
3 Princeton Plasma Physics Laboratory, USA
4 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA
5 Massachusetts Institute of Technology, Cambridge, USA

47th EPS Conference on Plasma Physics 
June 21-25, 2021
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Research is Rapidly Advancing the Field

• Record 1604 hours in last 2 years 

• Strong delivery of projects
– Negative triangularity armor enabled transformational 

insights into exciting potential reactor configuration

– New helicon ultrahigh harmonic fast wave with innovative
traveling wave antenna provided heating & current drive

– Vent on track & budget for 2024-25 operation

3 Thome / 2023 PAC / 7-26-2023

• Reliable vertically stable plasmas constructed that lasted 
the entire discharge length

• High performance achieved in an ELM-free regime with 
H98>1 and ꞵN>2.5

• Operation at q95<3

• Greenwald fraction fGW~ 2 demonstrated

• Dissipative edge solution obtained with divertor 
detachment 

Initial DIII-D Experimental Observations Are Promising for an FPP
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Negative Triangularity Campaign Executed in Jan-Feb 2023

• Previous DIII-D experiments have used 
limited or diverted plasmas with 
average δ of -0.2 to -0.3

• Diverted NT campaign required 
armoring of lower outer wall ports to 
protect machine and diagnostics

Over 500kW helicon 
coupled in H mode

1 R.I. Pinsker, 47th EPS Plasma Physics Conference, June 21-25, 2021

Experimental Studies of Helicon Wave Excitation, Propagation, 
Damping and Current Drive on the DIII-D and LAPD Devices

R.I. Pinsker1, B. Van Compernolle1,          
M.W. Brookman1, C.P. Moeller1, R.C. O’Neill1,             
A.M Garofalo1, C.C. Petty1, T.A. Carter2,      
A. Nagy3, C.H. Lau4, and M. Porkolab5

1 General Atomics, San Diego, California, USA
2 University of California Los Angeles, USA
3 Princeton Plasma Physics Laboratory, USA
4 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA
5 Massachusetts Institute of Technology, Cambridge, USA

47th EPS Conference on Plasma Physics 
June 21-25, 2021
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Research is Rapidly Advancing the Field

• Record 1604 hours in last 2 years 

• Strong delivery of projects

• Exciting scientific results

Small Angle Slot divertor 
improved performance 

with detachment

3 Thome / 2023 PAC / 7-26-2023

• Reliable vertically stable plasmas constructed that lasted 
the entire discharge length

• High performance achieved in an ELM-free regime with 
H98>1 and ꞵN>2.5

• Operation at q95<3

• Greenwald fraction fGW~ 2 demonstrated

• Dissipative edge solution obtained with divertor 
detachment 

Initial DIII-D Experimental Observations Are Promising for an FPP

Averaging 
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Off-axis beams & ECH show 
path to improved stability in
ideal MHD and EP physics

8 K. Thome DOE Review Panel, 2023

Negative Triangularity Campaign Executed in Jan-Feb 2023

• Previous DIII-D experiments have used 
limited or diverted plasmas with 
average δ of -0.2 to -0.3

• Diverted NT campaign required 
armoring of lower outer wall ports to 
protect machine and diagnostics

Over 500kW helicon 
coupled in H mode

28

      

Callahan EX-C, 
Poster, Wed. PM

Schmitz EX-C, 
Poster, Fri. AM

Suggests solutions for ITER to get H-
mode in hydrogen more easily

L-H Power Threshold Reduction
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• In both H & D, raising Zeff by intrinsic C 
impurity can reduce PLH significantly
- Upshift in ITG critical gradient

• Focused H study showed PLH drops:

• n=3 non-resonant B-field: 20-40%
• Lower IP (q95=5): 20-50%

We Expanded Options for Reducing 
L-to-H-Mode Power Thresholds

Hydrogen L-H power threshold reduction 
compared to q95=3.6 reference
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Callahan EX-C, 
Poster, Wed. PM

Schmitz EX-C, 
Poster, Fri. AM

L-H Power Threshold Reduction
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• In both H & D, raising Zeff by intrinsic C 
impurity can reduce PLH significantly
- Upshift in ITG critical gradient

• Focused H study showed PLH drops:

We Expanded Options for Reducing 
L-to-H-Mode Power Thresholds

Hydrogen L-H power threshold reduction 
compared to q95=3.6 reference

RMP He 15-40%

Lower q

H mode access for ITER
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Research is Rapidly Advancing the Field

• Record 1604 hours in last 2 years 

• Strong delivery of projects

• Exciting scientific results

• International engagement
– New joint task forces on:
• Long pulse with Tungsten
• High beta AT

– Support by DIII-D team members
to many international facilities

– Strong & accelerating 
engagement with ITER

ITER
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Research is Rapidly Advancing the Field – Open to More

• Record 1604 hours in last 2 years 

• Strong delivery of projects

• Exciting scientific results

• International engagement

Call for proposals:
– Fusion: d3dfusion.org 
– Frontiers: callforruntimeproposals.org
– Technology: Tyler Abrams & Andrew Dvorak
• abramst@fusion.gat.com dvorako@ornl.gov 

Diagnostics: Suk-Ho Hong hongsukho@fusion.gat.com 
RF: Bart Compernolle vancompernolle@fusion.gat.com 
Disruptions: Jeff Herfindal herfindalj@fusion.gat.com 
Materials: Dmitri Rudakov rudakov@fusion.gat.com and Greg Sinclair sinclairg@fusion.gat.com 

Get in  touch to develop ideas

d3dfusion.org

FY2024-25 Research 
Opportunity Forum

mailto:abramst@fusion.gat.com
mailto:dvorako@ornl.gov
mailto:hongsukho@fusion.gat.com
mailto:vancompernolle@fusion.gat.com
mailto:herfindalj@fusion.gat.com
mailto:rudakov@fusion.gat.com
mailto:sinclairg@fusion.gat.com
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• High productivity research program
with rapid upgrade capability

• Re-oriented to address goals of the 
Long Range Plan and Bold Decadal Vision

• Available, open, supported User Facility for the whole nation

DIII-D Working to Rapidly Advance US Fusion Agenda

Come join us – we are here to help
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Additional Information Slides
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Pursue rapid progress and goal-oriented approach

• A high volume, effective research facility

• Close the necessary research gaps for an FPP
– Execute ‘the EXCITE mission’

• Testbed for fusion technology and private sector

• Enable ITER to rapidly reach its potential

• Basis for international collaboration and leadership

DIII-D is Being Redeveloped for the Fusion Era

ITER

CAT ARC

STEP
TAE

GF

Critical infrastructure to rapidly advance fusion goals
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Compact scale requires higher power 
densities:
Ø High pressure and energy confinement

– To fuse sufficiently in smaller volume & retain heat

Ø Power handling and wall compatibility
– To mitigate hot plasma exhaust at high duty cycle

Ø Plasma interacting technologies and control
– To resolve in plasma & fusion environment

Accounts for key cost drivers in the FPP è
– Each needs better solutions than what we know 

now, requiring physics investigation

Different elements trade off against each other
– Test together to resolve integration physics

Compact Fusion Pilot Poses Critical Plasma Research 
and Integration Challenge
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loading. Based on this analysis, these five capabilities
represent the most important levers on reducing the capi-
tal cost of a CTPP with the generic features noted earlier

in this section. As important, the inability to achieve the
assumed baseline values for these parameters has the
potential to lead to increases in the capital cost. In some

Fig. 6. Tornado chart showing the sensitivity of the estimated capital cost to independent variations in the assumed input
parameters and constraints around the baseline case in Table IV (vertical line).

TABLE IV

GASC Generated Parameters for the Baseline Case for the Cost Sensitivity Study Discussed in Sec. IV*

Parameter GASC Output

Major radius / minor radius (m) 3.72 / 1.24
Plasma current (MA) / q95/fBS 8.6 / 5.5 / 0.76
TF on axis / at coil (T) 5.9 / 13.4
Fusion power / CD power (MW) 649 / 33.8
Prad,core (MW) / Prad,div (MW) 32.5 / 24.8
βT (%) / βp / βN 4.1 / 1.74 / 3.5

<ne> (1020 m−3) / Zeff / fXe,core 1.78 / 1.20 / 3.5 × 10−5

JTF / JCS (MA / m2) 39.1 / 64.6
fTF,SC / fTF,SS / fTF,Cu / fTF,Void 0.06 / 0.69 / 0.15 / 0.1
∆TF / ∆CS / ∆plug (m) 0.30 / 0.30 / 0.98
∆bl,inner / ∆sh,inner / ∆bl+shield,outer (m) 0.30 / 0.45 / 0.83
VTF / VBl / VFI (m

3) 159.3 / 213.6 / 1079.8
Ccoil=Cblanket=Caux ($M) 264.4 / 160.1 / 179.9
Cshield=Cbuildings=Cstructure ($M) 17.8 / 296.3 / 43.0
CBoP=CT=Ccapital ($M) 957.7 / 43.0 / 4220.6

*Primary input assumptions are A ~ 3, H98y2 < 1.6, qdiv < 10 MW/m2, fGW = 1.0, τpulse = 8 h, and REBCO magnet
technology for both the TF and CS coils using a Plug-CS-TF bucking solution. See the Appendix for a full
description of the parameters.
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Confinement
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Plasma research vital to FPP design
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• Tokamak solution optimizes down two paths

– Steady state: Exploit natural improvements in stability 
& transport through shaping, profiles & high b

ØLower current, self-driven solutions decrease 
loads and can be sustained noninductively

ØNeed to validate projected solutions

– Pulsed: High confinement through high current
ØRobust performance but increased instability, heat & stress
ØCan stability be maintained?

• Common research needs to address power handling, 
transients, control, and required technologies
– Resolve compatibility between different parts of solution

FPP Requires an Integrated Core-Edge-Technology Solution

Proposed upgrades enable DIII-D to explore 
these challenges & discover solutions

1 R.I. Pinsker, 47th EPS Plasma Physics Conference, June 21-25, 2021

Experimental Studies of Helicon Wave Excitation, Propagation, 
Damping and Current Drive on the DIII-D and LAPD Devices

R.I. Pinsker1, B. Van Compernolle1,          
M.W. Brookman1, C.P. Moeller1, R.C. O’Neill1,             
A.M Garofalo1, C.C. Petty1, T.A. Carter2,      
A. Nagy3, C.H. Lau4, and M. Porkolab5

1 General Atomics, San Diego, California, USA
2 University of California Los Angeles, USA
3 Princeton Plasma Physics Laboratory, USA
4 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA
5 Massachusetts Institute of Technology, Cambridge, USA

47th EPS Conference on Plasma Physics 
June 21-25, 2021
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Basis of Approach

Controlling variable

Be
ha

vi
or

Ph
as

e 
tra

ns
iti

on

FPP

opaque, 
equilibrated, 
electromagnetic,
thermalized, 
low rotation,
etc.

Test key trends in high 
parameter facilities 
ITER, DTT, SPARC… 

(3) Upgrades needed to  
access some phenomena 
in relevant regimes

(1) Directly access some phenomena at reactor 
values for physics-governing parameters

     e.g. bN, qmin, collisionality

Flexibility to 
find solutions

(2) Resolve techniques 
& science in relevant 
regimes to project solutions

Working with other funded facilities, DIII-D can close required gaps for ITER and FPP
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• Five year plan sets out the research necessary

• Shape and volume rise opens up the potential
– Higher pressure and density
– Opaque regimes at low collisionality

à Expand limits & access relevant regimes

DIII-D Can Close the ITEP Gap on a Fusion Pilot Plant

Shape & Current Rise @2.1T

Collisionality

Pedestal density (1020m-3)
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de
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ss
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Neutral 
Penetration Depth

Pedestal density (1020m-3)
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b N ln/dPED

Present
Shape

Volume & 
Current

rise

EPED, EIRENE, SOLPS
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• Five year plan sets out the research necessary

• Shape and volume rise opens up the potential
– Higher pressure and density
– Opaque regimes at low collisionality

• RF rise expands to relevant physics regimes
– Supports high density at low collisionality 

in reactor relevant conditions:
• Thermalized low rotation core
• Divertor-SOL-pedestal-core interaction with 

short mean free paths & penetration depths
– Flexibility to scope & resolve core solutions

DIII-D Can Close the ITEP Gap on a Fusion Pilot Plant

n*ped~0.01-0.2   fth~85-97%   Te~Ti  W~150-50 krad/s, 
q||~10 GW/m2    fGW~ 30-90%   Neut. Pen. Depth 4%
<ne>~1-2E20m–3  Pped~40–60kPa   <P>~150kPa

niTit ~1–2E20      H98~ 1-1.3   bN~3.5  q95~3.7
2.2T  3MA  42MW (25 NB, 14 EC, 3 HEL)  5MJ

Pulsed FPP regimes that push Core-Edge further

H98~ 1.2  bN~4.5  5-6keV  fBS~60-75%  
fth~89% n*ped~0.1  q||~11GW/m2

<ne>~8-9E19m–3  fGW~60-70%   Peped~40kPa  <P>~130kPa  
niTit~7E19 2.2T   2.1-1.7MA  q95~5.2-6.5

Steady State FPP Core-Edge regimes

ECH provides electron heating & 
current drive without fueling or torque

93kV beams provide 25MW heating 
with low fueling & high current drive

Helicon or HFS LHCD provide high 
density core heating & current drive

Basis to explore high dissipation exhaust 
regimes with high performance core
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Hydrogen 
tolerates high Z 
much better than D

Maximum 
tolerable 
flow higher 
in H

FLOW RATES

FLOW RATES
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Callahan EX-C, 
Poster, Wed. PM

Schmitz EX-C, 
Poster, Fri. AM

Suggests solutions for ITER to get H-
mode in hydrogen more easily

L-H Power Threshold Reduction
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• In both H & D, raising Zeff by intrinsic C 
impurity can reduce PLH significantly
- Upshift in ITG critical gradient

• Focused H study showed PLH drops:

• n=3 non-resonant B-field: 20-40%
• Lower IP (q95=5): 20-50%

We Expanded Options for Reducing 
L-to-H-Mode Power Thresholds

Hydrogen L-H power threshold reduction 
compared to q95=3.6 reference
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Callahan EX-C, 
Poster, Wed. PM

Schmitz EX-C, 
Poster, Fri. AM

L-H Power Threshold Reduction
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• In both H & D, raising Zeff by intrinsic C 
impurity can reduce PLH significantly
- Upshift in ITG critical gradient

• Focused H study showed PLH drops:

We Expanded Options for Reducing 
L-to-H-Mode Power Thresholds

Hydrogen L-H power threshold reduction 
compared to q95=3.6 reference

RMP He 15-40%

Lower q


