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Talk Outline 

MPEX’s role in 
US (& world) 
fusion 
community

MPEX platform 
& current 
schedule

R&D planning
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MPEX (Material Plasma Exposure eXperiment) enables detailed 
testing of FPP-relevant PMI challenges 

• MPEX can & will play a key role in new US Fusion Roadmap
• Relevant Roadmap topics: erosion & re-/co-deposition; gas implantation; surface 

morphology evolution; T-retention probability; Thermal transients; n-irradiation

• Nevertheless, PMI physics gaps remains the same from early MPEX 
conception

PMI: Interaction of plasma with the material surface

⍺

⍺
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For plasma facing materials/component development,               
a family of key facilities address critical technical risk issues

Critical Risk Performance Issue 
(Examples)

Service Life Issue
(Examples)

Roles of Key Facilities

MPEX
PISCES

TPE
Linear-plasma 

Devices

HHF 
Facility

Laser               
and e-beams

DIII-D
WEST

Confinement 
Devices

HFIR
LAMDA

MTR and 
Rad Labs

Armor Erosion - Plasma contamination
- co-deposition, slag

- Armor recession/wear
- Selective erosion

- Re-deposition
P F P

Heat Flux 
Management

- Surface temperature
- Temperature gradient

- Structural integrity
- Heat removal

- Creep-fatigue
- Slow crack growth
- Coolant corrosion

S P, F S F

Fuel Cycle & 
Inventory

- Fuel retention
- Fuel permeation

- Time-dependent 
properties & damage 

evolution
P S, F S F

Neutron 
Irradiation 

Effects
- Apply to all above - Apply to all above P F S, F F

F: foundational P: primary   S: secondary
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MPEX feeds an PMI/PFC ecosystem to accelerate knowledge 
toward pilot plants (FPPs) + first-of-a-kind (FOAK) reactors

INF-ONE

National Spherical Torus
Experiment - Wikipedia

Experiment on DOE's DIII-D 
Fusion Facility

NSTX-U

DIII-D
SPARC

LEGO IDEAS - MAST 
Upgrade

MAST-U

W-7X
ITER

FPP

FOAK Reactor

WEST KSTAR

PISCES-RF
MPEX

MAGNUM-PSI

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNational_Spherical_Torus_Experiment&psig=AOvVaw0NaMmlW0khZxmU3z_sjUDb&ust=1745575285875000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCOjZ7v608IwDFQAAAAAdAAAAABAJ
https://www.google.com/imgres?q=diii-d&imgurl=https%3A%2F%2Fem-graphics.s3.us-west-2.amazonaws.com%2Fdocuments%2Fba0cc2b3-5eef-43b5-8466-e0cf2d3e7773.png&imgrefurl=https%3A%2F%2Fexecutivegov.com%2F2023%2F10%2F9-projects-selected-to-experiment-in-does-diii-d-fusion-facility%2F&docid=FKYTjX7zM71LZM&tbnid=NX-8TDHfz712UM&vet=12ahUKEwiB4aChtfCMAxX54skDHdCXMwkQM3oFCIABEAA..i&w=1200&h=628&hcb=2&ved=2ahUKEwiB4aChtfCMAxX54skDHdCXMwkQM3oFCIABEAA
https://www.google.com/url?sa=i&url=https%3A%2F%2Fideas.lego.com%2Fprojects%2F80e49eb9-66c4-41c7-8c4f-c26421495933&psig=AOvVaw0B3JSOix_KY4BR65-bxWJU&ust=1745575763842000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCICEg9G28IwDFQAAAAAdAAAAABAE
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The MPEX platform

Key features & current schedule  
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MPEX physics requirements are aligned with steady-state MFE 
FPP needs
• Ability to study PMI at reactor relevant divertor plasma conditions & target inclination without target biasing

• Ability to expose targets at an angle as low as 5 degrees

• Ability to control target Te and Ti independently

• Steady-state magnetic fields up to 2.5 T, 1.0T at target (→ superconducting coils NbTi technology)

• Steady-state operation of up to 106 sec, enabling high-fluence exposure of up to 1031 m−2

• Ability to expose low-activation radioactive and hazardous materials, such as a-priori neutron irradiated materials 
and/or liquid metals

• Ability to monitor evolution of surface during high fluence exposures with variety of in-situ surface diagnostics 
including in-vacuo electron microscopy

• Ability to actively control material temperature independent of incident heat flux,  reaching temperature ranges 
greater than 600°C

J. Rapp et al. (2023) Fusion Sci. Tech.
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MPEX target exposure scenarios have been developed to meet 
a range of PMI conditions 

Scenario
Parameter

“A”      
(high ne)

“B”     
(high Pe)

“C”          
(high Te)

“D”       
(low ne)

ne target (m-3) 2x1021 5x1020 2x1020 1x1019

Te target (eV) 2 7 10 15

Ti target (eV) 2 7 12 20

B-field target (T) 1 1 1 0.33

Parallel ion flux (m-2s-1) 1.5x1025 ~7x1024 ~3x1024 ~2x1023

q|| (MW/m2) ~30 ~40 ~35 ~3.5

Ion. MFP of D (cm) 2.0 2.4 1.0 12.0

MFP of diffusive D (mm) 4.9 20 7.5 ~100

Ion. MFP of W (mm) 0.25 0.27 0.078 1.3

W gyroradius (mm) 2.7 7.4 19 24

D gyroradius (mm) 0.28 0.76 1.9 2.5

LPre-sheath (mm) 0.69 1.9 4.8 6.2

Parameter Design Goal

ne source Up to 9x1019 m-3

Te source Up to 25 eV

Ti source Up to 30 eV

Length (source to target) ~5m

Target heat flux > 10 MW-m-2

• Hierarchy of analysis tools developed 
to set source parameters from target 
plasma requirements

C. Lau et al. (2023) Nucl. Fusion

Planned near-target conditions

Needed source conditions 
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MPEX Device Main Features & Overall Layout

Target Exchange Cart (TEC)
Transports target in-vacuum to SAS

Plasma 
column 
termination 
“Dump”

Plasma Source 
Region

(200 kW 
helicon)

400kW 
microwave 
electron 
heating 400kW RF 

ion heating

PMI Chamber & Target 
Region
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MPEX Magnet System: NbTi superconducting magnets with 
recondensing cryocoolers + water-cooled Cu-coils at helicon

Helicon-mirror 
Upstream

Helicon-mirror 
Downstream

Helicon 
Source ECH Target

Transport

Group of six superconducting and one resistive copper magnet subsystems with                                                 
total of 23 independently controlled coils that provide B-field profile along z-axis for RF source & heating

ICH
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Full magnet set on-track to be on-site 
this FY
• Cu Helicon source magnet is placed in MEPX machine hall 

• Helicon-mirror Upstream (US)/Downstream (DS), and ECH 
magnet fabrications are complete

• ICH, Transport, & Target magnets are >75% complete

• All magnets will be received this summer

Helicon-mirror  DSHelicon-mirror US ECH ICH

Transport & Target
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MPEX in-vessel components (IVCs) define high flux 
boundaries

Source Limiter Microwave
Absorbers

Dump plate

Baffle/Skimmer

5cm

Target System

~1 MW/m2
~0.7 MW/m2 ~0.1 MW/m2

~0.4 MW/m2 ~10 MW/m2
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Target exchange chamber (TEC) allows for analysis at     
surface analysis station (SAS) during exposure intermittences
• Targets can be exchanged under vacuum through 

PMI chamber/TEC auto-coupler

• Telescoping arm allows for compact TEC & 
maneuverability to the SAS 

• Modularity of TEC, Cart, and target assembly allows 
for easy duplication and reusability

PMI Chamber

TEC

Auto-coupler

Target Exchange 
Cart

Telescopic arm
Target Assembly Module
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Schedule Summary

KEY
Critical Path 
Path #2-4
Level 1 Milestone
Level 2 Milestone
Plasma Integrated Testing
Schedule Contingency

MPEX Project Summary
Scope Element J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M

Long Lead Procurements & Site Prep
1.08.01 - Magnets
1.08.02 - Gyrotrons & HVPS
1.08.03 - Facilities
Procurements & Fabrication
1.05.03 - Plasma Source & Heating
1.05.04 - Vacuum System
1.05.05 - In-Vessel Components
1.05.06 - I&C
1.05.07 - Diagnostics
Device Installation
1.06.01 - On-Device Assembly
1.06.02 - Off-Device Assembly
Pre-Operations and Integrated Testing
1.07.01 - Pre-Ops
1.07.02 - Integrated Testing

CY2025 CY2026 CY2027 CY2028

Schedule
Contingency: 

2.8m

KPP #3

Cost & Schedule 
Review

KD-4 
Approval

KPPs #1, 2

Early finish date projected to be November 8, 2027 
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The critical path
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MPEX R&D 

Current emphasis & lead up to first operations 
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MPEX science capability will increase over next 5+ years 

“Day-1”

(late 2027- 2028)

Project Parameters
B-field at target ≤ 0.5 T

q||,target, q⊥,target <10 MW/m2

Target Te, Ti 5 eV

Target ne 1019 m-3

Target Ⲅion  1023 m-2s-1

Ion fluence, 
pulse length

1027 m-2,         
102 s

Plasma dia. ≤ 10 cm

Field-to-target angle normal

MPEX Capability*  

“Day-0”

(Now thru 
late ~2027)

“Proto-Lite”
Mag. field at target ~ 0.7 T
Target Te few eV

Target ne 5x1019 m-3

Target Ⲅion  1024 m-2s-1

Ion fluence, 
pulse length

~1023 m-2, 
0.5 s

Field-to-target angle normal

*MPEX PROJECT 
REQUIREMENTS – 2022
MPEX-00-ENG-001, Rev. 2 
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MPEX science capability will increase over next 5+ years 

“Day-1”

(late 2027- 2028)

Ultimate Performance Parameters

B-field at target 1 T

q||,target, q⊥,target 40,10 MW/m2

Target Te, Ti 15, 20 eV

Target ne ~1021 m-3

Target Ⲅion  >1024 m-2s-1

Ion fluence, 
pulse length

1031 m-2,           
106 s

Plasma dia. ≤ 10 cm

Field-to-target angle down to ~5°

Early Science Parameters
B-field at target ≤ 1 T

q||,target, q⊥,target ≤ 10 MW/m2

Target Te, Ti ~10 eV

Target ne 5x1019 m-3

Target Ⲅion  ≤1024 m-2s-1

Ion fluence, 
pulse length

1028 m-2,         
104 s

Plasma dia. ≤ 10 cm

Field-to-target angle down to ~5°

Project Parameters
B-field at target ≤ 0.5 T

q||,target, q⊥,target <10 MW/m2

Target Te, Ti 5 eV

Target ne 1019 m-3

Target Ⲅion  1023 m-2s-1

Ion fluence, 
pulse length

1027 m-2,         
102 s

Plasma dia. ≤ 10 cm

Field-to-target angle normal

“Day-2”

(~2029-2030)

“Day-2+”

(2030+)

MPEX Capability*  

“Day-0”

(Now thru 
late ~2027)

“Proto-Lite”
Mag. field at target ~ 0.7 T
Target Te few eV

Target ne 5x1019 m-3

Target Ⲅion  1024 m-2s-1

Ion fluence, 
pulse length

~1023 m-2, 
0.5 s

Field-to-target angle normal

*MPEX PROJECT 
REQUIREMENTS – 2022
MPEX-00-ENG-001, Rev. 2 
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*MPEX PROJECT 
REQUIREMENTS – 2022
MPEX-00-ENG-001, Rev. 2 

Ensuring MPEX’s operation towards 
Ultimate Performance Parameters 

requires addressing impurity production & transport
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Impurity deposition on target was critical issue on Proto-MPEX &  
progression of techniques to lower this have been found
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Near-term research plan broken into 4 approaches for 3 MPEX 
Regions (Source, Transport, Net-zero target)
1. Source Region: In Proto-Lite, implement re-designed high-Z ceramic coated source with Faraday Shield (FS) 

system and document effect with and without FS at extended pulse lengths (30sec)

2. Transport Region: Use both vacuum baking & GDC to reduce residual oxygen content of Proto-Lite vacuum system 
keeping conditions as close as possible to vacuum diffusion regime

3. Net-zero target: Characterize which target deposition conditions are strongest with increasing particle fluence to 
MPEX-like levels and test impurity deposition reduction strategies focusing on target tilting and local gas puffing

4. SAS Exploitation (target): Sample/target characterizations of deposition with increasing particle fluence to MPEX-
like levels focusing on target tilting comparisons

Modeling underpins all approaches
As we transition to MPEX operations, we welcome collaboration on these and other topics 
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