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Talk Outline 

MPEX’s 5-year 
planning

MPEX’s 
transition to 
operations

MPEX early 
campaign 
planning
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Vision for MPEX and Associated Science & Technology
• MPEX: A world-leading facility delivering the plasma-material 

interaction science  to inform presently identified and new candidate 
plasma facing materials for future fusion systems
– S&T mission: Provide access to frontier PMI and materials science alongside the capabilities to test materials 

and components for commercial fusion pilot plants

– Programmatic mission: Attract users/collaborators from the US and internationally, serve both the public and 
private sector needs
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More broadly, MPEX science plan is developing in support of 
US Fusion Roadmap
• Plan is based around 5 PMI Science-Drivers (& questions):

1. Erosion and reposition: How will high levels of erosion/redeposition & 
mixing set a lifetime limit of and change the performance of PFMs, and  
how can these effects be mitigated?

2. Fuel (Tritium) Management: How does plasma damage, thermal 
excursions, neutron damage, and material redeposition change PFM fuel 
retention/permeation, and how do we quantify and ameliorate these 
effects?

3. Surface Morphology and Chemistry Evolution: What are the 
consequences for lifetime and performance of surfaces that is constantly 
geometrically changing as well as composition change because of erosion, 
redeposition, implantation, wall conditioning, impurity seeding, etc?

4. Neutron Irradiation-driven Evolution: How can we predict behavior of 
PFMCs with ever changing transmutation, microstructure, mechanical 
properties, and thermal response from neutron irradiation?

5. Heat management: With evolving surface conditions and degrading 
thermal properties, how can we ensure adequate power exhaust and avoid 
lifetime limiting cracks and failures?
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MURF-2 recommend research topics were not necessarily 
prioritized

T codeposition on redep material and 
release mechanisms (FPP relevant)

In long pulse (e.g., up to 1 million s), do 
“phase changes” occur to redeposited 
materials at high fluence levels (i.e., slag 
management)? (FPP relevant)

Potential profile in magnetic sheath, 
and affect ion impact energy and angle

Reliable methods for diagnosing net-
erosion in situ in real time

Atomic rate coefficients for fusion-
relevant materials, particularly high-Z

For multi-element PFMs, gross erosion 
change at high fluence due to 
preferential sputtering effects

Ion implantation and neutron damage 
on gross erosion yields at high fluence

Driving physics for current and planned 
wall conditioning methods

W experiments at high surface temperature 
show low-end ion-energy threshold (~10 eV) 
for nanostructure formation

Nature of fuzz growth in erosion- and/or 
redeposition-dominated regimes by energetic 
D, He, impurity species, or W

Metals operated w/o fuzz formation show He 
implantation in surface nm’s become dense 
foam-like region of He-induced nanobubbles

Exploratory materials down-selection via 
pre-MPEX experiments, complementing 
community focus on W & W-alloys

Understanding PMI synergies for light ions 
(e.g., D, He) at extreme fluxes.

Codeposited layers T inventory & its potential 
source of dust and flakes

Erosion experiments using target bias for 
normal incident mono-energetic ion impact

Synergy experiments for material’s 
thermomechanical properties

Adding  long pulse source of transient 
thermal loading to MPEX targets to study the 
effects of thermal shock on ablation, erosion, 
toughness, cracking, etc

MPEX will further advance the PMI 
physics on H retention with the 
following unique capabilities: 
- high-fluence operation;
- normal incidence + oblique incidence 

exposures; 
- target temperature control, 
- impurity in plasma (He ion) and seed 

gases,
- high-ne, low-Te, low-Ti  (detached 

divertor) vs. high-Te, high-Ti, low-ne 
(attached divertor).

Community input and discussion are 
needed to improve handling of highly 
neutron-activated materials.

W and W alloys are primary 
candidate materials discussed in H 
retention session, but MPEX suitable 
for testing other novel materials.

Community input and discussion are 
needed to determine the first batch of 
materials and irradiation condition.

LM chemistry & wetting/drying on 
substrates;

LM/substrate corrosion/embrittlement 

Neutron damage to solid-based 
substrate materials (also solid PFCs);

Transport across magnetic fields of 
conductive, flowing LM concepts;

T transport, retention, recovery, and 
multiphase flow in flowing LM systems;

He exhaust handling in LM systems;

H accounting recycling, 
pumping/recovery;

Heat flux and temperature limits of 
flowing LMs, including CPSs

Surface vapor shielding, Li recirculation, 
& continuous volumetric detachment;

LM compatibility with plasma & 
validation of models;

Characteristics of the LM vapor cloud for 
high surface temperature designs; 

Sheath effects on impingement and 
release of LM from surfaces.

Erosion & Redepositon Solids & Surface Evolution Hydrogen Retention Liquid Metals (LM)
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MPEX 5-year Plan: When do we need what?

FY2026 FY2027

March 
2026

~March 
2027

Kick-of of 
T2OPS team

Rough Draft of 
MPEX 5YP

MPEX 5YP Red 
Team

MPEX 5YP goes 
live/public

MPEX 5YP final 
draft

December 
2026

T2OPS team forms 
5YP working groups

~May 
2026

~October 
2026

MPEX Program Advisory 
Meeting (TBC)

~June 
2027

October 
2027

ORNL 
Management 

review

~mid-August 
2026
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MPEX 5-year Plan: We are beginning to organize this document

Sections Chapters
0. Executive Summary

I. Introduction 1. Overview

II. Research Program
2. Research in Support of US Roadmap 

3. Research towards PMI Lifetime Assessments

4. Community Engagement and Governance

III. Implementation & Operations
5. Facility and Campaign Organization

6. Facility Upgrades and Path to Ultimate Performance (UP)

7. Measurement needs and Diagnostics to UP

Planned Content of the MPEX 5-Year Plan

• Section/chapter will have key tables giving prioritized S&T
• This MURF-3 working meeting will aid in the content. Please also contribute beyond this meeting
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Table 1. High level research objectives – one for each Science 
driver?

SD.X Approach/Goal Capability Need
SD.X – Challenge (Ch.) 1 
description

• App/goal 1
• App/goal 2
• …

Hardware
• A
• B
• C
Diagnostics
• A
• B
• C
Modeling
• A
• B
• C

SD.X – Ch. 2 description • App/goal 1
• App/goal 2
• …

SD.X – Ch. 3 description • App/goal 1
• App/goal 2
• …

… …

This is to be aligned in some form/fashion with the S&T Roadmap
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Table 2. High-level research timeline

FY2028 FY2029 FY2030 FY2031 FY2032
SD1.Ch1
SD5.Ch.X
SDX.Ch.X
Hardware upgrade

Diagnostic upgrade

Code development/implementation
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Table 3. MPEX Capability upgrade

Capability Alignment to SD 
Challenge 5YP Goals supported S&T Roadmap metric

Hardware bit A
Hardware bit B
Hardware bit C
…
Hardware Bit Z
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Table 4. MPEX Diagnostic upgrade

SD Measurement Need Possible Diagnostic(s) 5YP Goals supported S&T Roadmap metric
Need A
Need B
Need C
…
Need Z



12
MATERIAL PLASMA 
EXPOSURE 
EXPERIMENT

Table 5. MPEX Simulation needs

SD Simulation Need Possible Code(s) 5YP Goals supported S&T Roadmap metric
Code A
Code B
Code C
…
Code Z
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MPEX’s transition to operations & early campaign 
planning
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MPEX Outlook

Project
CY26/27

Machine 
Assembly

Integrated 
Testing

Transition to 
Operations

CY26/27

Maintaining 
Installed 

Equipment

Subsystem 
Equipment 

Characterizing 

Surface Analysis 
Station 

Characterization

Initial Plasma 
Pulse 

Demonstrations

Calibration 
Campaign

CY28

Plasma 
Calibration 
Operations

Subsystem 
Maintenance

Training Staff for 
Operations

Science 
Operations

CY29

Start of 
Scientific 

Operations

System and 
Machine 

Improvements

Fall 2026

Summer 2026 Fall 2026 Summer 2027

Project milestone 30s

Ne target (m-3) 1x1019

Te target (eV) 5

Ti target (eV) 5

B target (T) 0.5

Parallel ion flux (m-2s-1) 1.1x1023

Surface heat flux (MW/m2) 0.6

Active

Active



15
MATERIAL PLASMA 
EXPOSURE 
EXPERIMENT

18 weeks plasma operations (science & tech)

➢ 6 weeks of contingency

4 weeks of plasma science (machine 
calibration)

6 weeks of machine startup

16 optional maintenance days

10 holidays

MPEX Operating Schedule 2029 (Draft) 



16
MATERIAL PLASMA 
EXPOSURE 
EXPERIMENT

Operating Scheduling CY 29

2 hours to turn on and 1 hour to shut down – 5 hours 
for plasma operations per day

✓ 105 days @ 5 hours/day provides 525 plasma 
hours

✓ One shift per day with fewer operating hours

18 days for machine calibrations

✓ 27 contingency days

✓ More scientific days - less operating time per day

✓ More targets with shorter exposures

2 hours to turn on and 1 hour to shut down – 7 hours 
for plasma operations

✓ 80 days @ 7 hours/day provides 560 plasma hours 

Split shift  with more operating hours

✓ 24 days for machine calibrations

18 contingency days

✓ Fewer scientific days - more operating time per 
day

✓ Longer exposure with fewer targets

✓ 24 operating weeks with 8-hour workdays 20 operating weeks with 10-hour workdays
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MPEX Operational Plasma Scenarios

Scenario high ne high Pe high Te low ne KPP Ext KPP
ne target (m-3) 2x1021 5x1020 2x1020 1x1019 1x1019 5x1019

Te target (eV) 2 6 10 >5 5 >5
Ti target (eV) 2 6 12 >5 5 >5
B target (T) 1 1 1 0.35 0.5 1
Parallel ion flux         
(m-2s-1) 1.4x1025 6.5x1024 3.3x1024 2.1x1023 1.1x1023 1.0x1024

q// (MW/m2) ~30 ~40 ~35 ~3.5 0.6 ~10

30 s

C1 C0 C2C3

30 s 3600 s3600 s

Initial machine demonstration

Increase heating
Extended operations 

up to 1 hour
Introduction of target gas 

puffing and seed gases

Parameters defined from 
MPEX physics basis.      

Early campaigns will focus 
on methods to achieve 

these parameters.  
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SAS and Target Loading Area

The target exchange chamber (TEC) will undock from the plasma material interaction (PMI) chamber and relocate to 
the surface analysis station (SAS).  Reverse the order once measurements are complete at the SAS.  

The sample remains under pressure after exposure, during transport, analysis at the SAS, and return trip to PMI.  

Begin characterizing SAS equipment starting in the fall of 2026. 

Target exchange chamber

Target cart

Target in extended position

SAS

Glovebox

PMI

Repair 
space

Surface Analysis 
Station 

Characterization

Fall 2026

Target changeout 
location

Docked with MPEX 
PMI chamber

Docked with SAS

Image shows 3 carts for 
location reference.  Initial 

operations will begin with a 
single cart
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Surface Analysis Station
Target Exchange Cart (TEC)

Target “payload”

Target manipulation (x,y) and
stabilization in SAS
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Gas Injection System at Target – Seed and Working Gas

Seed gas inventories available will be Ne, N2, Ar, and Kr.

Main working gas is deuterium and helium – will not include tritium

*Pre-mixed gases can also be loaded upon request.  

A single selection must be defined at pulse startup.  Preparing the 
supply line requires executing a pump down and purge sequence 
and is part of the daily startup procedure.  Pre-mixed gases are also 
an option.  

Controllable parameters include accurate timing of release(s).

Cross section view of PMI region

Target

PMI chamber and view ports

Target cart

Target chamber

*Identified during screening 
process to ensure availability 

at the time of experiment

Gas injection at target
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Machine Improvements

2nd gyrotron socket and dummy load

Irradiated samples

X-ray scans with increasing ECH power 

Data reduction and cataloging 

Feedback controls

Rad Storage equipment

Building Facility Use Agreement (FUA) 

Glovebox

2nd target exchange cart with interchangeable 
chamber

• Multiple target chambers 

Rapid pump down station – target exchange

Machine Capability Target Capability 

Not in order of priority.
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MPEX Campaign

Energy Launched into MPEX
(2026 version)

Transition to MPEX operations: Figures-of-merit for evaluating 
how MPEX is progressing to usefulness 

• A total of 3 figures of 
merit (FoM) are 
planned

• Injected power/energy 
into the system is a 
relatable FoM

• Highlights Power 
balance as a key 
measurement need

KPP3 est.

YR-1 YR-2 YR-4 YR-5YR-3
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Energy Launched into MPEX
(2026 version)

Transition to MPEX operations: Figures-of-merit for evaluating 
how MPEX is progressing to usefulness 

• A total of 3 figures of 
merit (FoM) are 
planned

• Injected power/energy 
into the system is a 
relatable FoM

• Highlights Power 
balance as a key 
measurement need

KPP3 est.

YR-1 YR-2 YR-4 YR-5YR-3

Long-pulse 
Tokamak+Stellerator level*

*X. Litaudon et al. (2024) Nucl. Fusion
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Transition to MPEX operations: A PMI-based Figure-of-merit

• Target ion fluence is a common 
metric used 

Target/divertor fluence levels across 
confinement and linear devices*

*G. DeTemmerman et al. (2018) Plasma Phys. Control. Fusion & H.J.N. van Eck, et al.  (2019) Fusion Sci. Tech.

Ultimate 
MPEX 

regime
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Transition to MPEX operations: A PMI-based Figure-of-merit

• Target ion fluence is a common 
metric used 

• Particle fluence and pulse 
length are connected → How 
realistic is this aggressive 
pathway to ultimate fluence 
and pulse length?

• Details of the pathway are 
currently under development

YR-1 YR-2 YR-4 YR-5YR-3
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1.E+27

1.E+28

1.E+29

1.E+30

1.E+31

C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15

Fluence [m^-2] Pulse length [sec]
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Transition to MPEX operations: A PMI-based Figure-of-merit

• Target ion fluence is a common 
metric used 

• Particle fluence and pulse 
length are connected → How 
realistic is this aggressive 
pathway to ultimate fluence 
and pulse length?

• Details of the pathway are 
currently under development

YR-1 YR-2 YR-4 YR-5YR-3

1.E+01

1.E+02
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1.E+04

1.E+05

1.E+06

1.E+24

1.E+25

1.E+26

1.E+27

1.E+28

1.E+29

1.E+30

1.E+31

C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15

Fluence [m^-2] Pulse length [sec]

KSTAR/EAST-like 
fluence by YR-3
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MPEX Campaign

MPEX operational breakdown

S/T physics S/T startup S/T calibration

Transition to MPEX operations: Another Figure of merit is 
“Facility Usage” 

• Define S/T (Science & Tech) time 
as most work beyond general 
maintenance and fixing things

• S/T physics and startup is 
traditional experimental time 
including bringing machine up

• S/T calibration is time to prove 
out machine and systems (also 
called “high commissioning”) 

• Developing Availability and 
Reliability metrics to compliment  
this S/T time breakdown

YR-1 YR-2 YR-4 YR-5YR-3
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MPEX Device Installation Plan
Ensuring Integrity: Installation and Leak Check Strategy for MPEX

Installation 
Section 1

Vacuum 
Section 1

Installation 
Section 2

Installation 
Section 4

Installation 
Section 3

Installation 
Section 5

Installation 
Section 6

Installation 
Section 7

Vacuum 
Section 2

Vacuum 
Section 3

Vacuum 
Section 4

Vacuum 
Section 5

Vacuum 
Section 6

Vacuum 
Section 7

Leak checks for all vacuum sections are integrated 
into the assembly and installation workflow to ensure 
system integrity.
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Approach to Integrated Testing

Begin subsystem commissioning in parallel with machine installation once the 
gate valve between ICH and PMI region is in place.  

➢ Advances the start of integrated testing by ~5 months

Finalize remaining tasks and begin full machine commissioning once final 
pump down and leak checking is complete.  

Installation 
Section 1

Installation 
Section 2

Installation 
Section 4

Installation 
Section 3

Installation 
Section 5

Installation 
Section 6

Installation 
Section 7

Gate valve

Vacuum chamber

ICH and PMI

December 2026Helicon RF October 2026

Thomson laser August 2026
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New components continue to arrive at MPEX

Dump Tank Helicon Transmitter Thomson Scattering 
Laser

PMI Chamber Vacuum Vessels New Helicon Magnet
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FED Division Director

Operation Lead Science Lead

Work Control
Admin
Procurement
Document Control
RCT Support

Mechanical

Mechanical 
Engineer

Vacuum 
Engineer

RF Engineer

Technician

Designer

EC Engineer

Technician

Proposal 
Review  

Mechanical 
Engineer

*Mechanical 
Engineer

Vacuum PS & H I & C

Software 
Engineer

Software 
Engineer

Application 
Engineer

*PLC Engineer

*Hardware 
Engineer

Technician

Physics

Physicist

Physicist

Physicist

Diagnostics

*Physicist

*Physicist

Facilities

Facility 
Engineer

Technician
*Physicist

Engineer/Physicist Physicist

Science Lead

Physicist

*Physicist

Proposal 
Selection  

Science Lead

Physicist

*Physicist

Physicist

Ops Lead

Physicist

Computational 
Physics  

Surface 
Analysis  

Data 
Analysis  

Physicist

*Physicist

Physicist

Feedback 
Controls

Engineer

Engineer

Physicist

MPEX Organization Chart

Overhead 
Services Shared role Ops 

and science

Shared role within 
science

*Split time between MPEX and ….

Technician are 
specialized but 
shared across the 
teams

Matrixed Resource from Jeff 
Vetter and Scott Klasky

*Designer
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