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Executive Summary

The fusion energy landscape continues its rapid evolution across multiple technological pathways,
demonstrating that the path to commercial fusion is increasingly diverse. Beyond tokamaks, alternative
configurations are maturing, with Field-Reversed Configuration (FRC) reactors breaking ground on commercial
facilities and stellarators advancing toward construction readiness. China's EAST tokamak shattered a
fundamental plasma physics limit previously thought insurmountable, opening new operating regimes that
could benefit all magnetic confinement approaches. Meanwhile, artificial intelligence is accelerating
development across all fusion pathways, from plasma control to reactor design optimization. The strategic
implication is that fusion commercialization may arrive via multiple parallel routes rather than a single
dominant technology, potentially accelerating grid deployment through technology diversification.

However, the challenge of extreme temperature requirements for advanced fuel cycles---particularly
aneutronic fusion targeting hydrogen-boron reactions---remains a formidable physics and engineering hurdle
that will test the viability of these cleaner but more demanding approaches.

Top News (with Forecasts)
China's EAST tokamak breaks "Greenwald limit," accesses density-free regime

Why it matters: For decades, the Greenwald density limit has constrained tokamak operations, preventing
plasmas from reaching the high densities needed for optimal fusion performance without triggering disruptive
instabilities. China's Experimental Advanced Superconducting Tokamak (EAST) has now demonstrated stable
plasma operation at densities 10% above the Greenwald limit for the first time in a tokamak, accessing what
researchers call a "density-free regime". This breakthrough could enable higher fusion power output from
smaller, more economical reactors by allowing denser fuel without plasma disruptions. The achievement has
profound implications for ITER, future power plants, and even compact fusion startups that have been
designing around this presumed constraint.[1][2][3][4][5]



What happened: In experiments conducted in late 2025 and announced January 2026, EAST researchers used
advanced heating and current drive techniques to push plasma density beyond 1.1x the Greenwald limit while
maintaining stability for extended periods. The "Greenwald limit" (named after MIT's Martin Greenwald) has
been an empirical scaling law since 1988 that relates maximum safe plasma density to plasma current and
minor radius. Exceeding it typically triggers disruptions---sudden plasma collapses that can damage tokamak
walls. EAST's team achieved the breakthrough by carefully tuning plasma shaping, heating profiles, and active
feedback control, demonstrating that the limit is not a hard physical ceiling but rather a transition point that
can be navigated with proper control. The density-free regime exhibits different turbulence characteristics that
actually improve energy confinement, a counterintuitive result that researchers are now working to
understand theoretically. This follows EAST's track record of extended high-performance pulses, including a
403-second H-mode discharge in 2023, positioning China's tokamak program at the forefront of long-pulse,
high-density operation.[6]{7][8][9][10]

Sources: The findings were published in peer-reviewed journals and reported by Nature, World Nuclear News,
and Chinese research institutions. EAST is operated by the Institute of Plasma Physics, Chinese Academy of
Sciences, in Hefei. The superconducting tokamak has been operational since 2006 and is designed to test
technologies for future fusion reactors.[11][12][13][14][15][16]

Forward View — Medium Confidence: Over the next 6-12 months, expect intense follow-up research at EAST
and attempts to reproduce density-free regime access at other major tokamaks (JET's successor programs,
KSTAR, JT-60SA). Indicators to watch: Publication of detailed physics papers explaining the underlying
mechanisms; whether ITER's design team considers operational scenarios above Greenwald density;
announcements from compact tokamak developers (Commonwealth Fusion, Tokamak Energy, etc.) about
revised density targets for SPARC and similar devices. The confidence is tempered because reproducing exotic
operating regimes across different machines often proves difficult---what works on one tokamak may not
translate directly due to geometry, heating systems, and plasma physics subtleties. If other facilities confirm
EAST's findings, this could be a watershed moment comparable to the discovery of H-mode confinement in the
1980s. Signs of difficulty would be if other tokamaks fail to access similar regimes or if EAST cannot sustain the
regime for fusion-relevant durations (>100 seconds).

Helion breaks ground on Orion FRC plant with world's first fusion PPA

Why it matters: Helion Energy has transitioned from R&D to construction of the world's first commercial
fusion power plant with a binding electricity delivery commitment. The Orion facility in Washington state is
backed by a 2023 power purchase agreement (PPA) with Microsoft to deliver at least 50 MW of fusion
electricity by the end of 2028---the first such commercial contract in fusion history. This represents a
fundamentally different development model than government-funded demonstration projects: Helion is
building to a customer specification with contractual delivery obligations, bringing private-sector discipline and
urgency to fusion commercialization. The project validates the Field-Reversed Configuration (FRC) approach as
a credible alternative to tokamaks and demonstrates that tech industry demand for clean, reliable power is
creating market pull for fusion.[17][18][19][20]

What happened: In July 2025, Helion began site construction on land leased from Chelan County Public
Utilities District along the Columbia River in Malaga, Washington. By October 2025, the company secured a
Conditional Use Permit for the fusion generator building itself, clearing the regulatory path for the main
reactor facility. The site was selected for its proximity to high-voltage transmission infrastructure from the
nearby Rock Island hydroelectric dam, enabling grid connection, and for Washington's established nuclear
regulatory framework. Constellation Energy will serve as power marketer and manage transmission. Helion's
FRC approach uses pulsed compression of magnetically confined plasma toroids, heating them to fusion
temperatures through adiabatic compression before extracting energy directly as electricity via inductive
coupling---a fundamentally different energy capture method than the thermal steam cycles planned for
tokamaks. The company has built seven prototype reactors, with its sixth-generation Trenta device achieving
100 million °C in 2023. The seventh-generation Polaris reactor, currently undergoing commissioning at the
end of 2025, is expected to demonstrate electricity generation from fusion for the first time in early 2026, a
critical precursor milestone before Orion's full-scale deployment. Helion raised $425 million in Series F funding
in January 2025 and has also signed a customer agreement with steelmaker Nucor to develop a 500 MW plant
in the 2030s.[21]{22][23][24][25][26][27][28]



Sources: Official Helion announcements and permitting documents; press coverage in Reuters, S&P Global,
and industry publications; Microsoft and Constellation Energy statements.[29][30][31][32][33][34]

Forward View — Medium-High Confidence: Over the next 6 months (H1 2026), Polaris is expected

to successfully generate electricity from fusion, likely in the kilowatt range, marking a major technical
milestone. Orion construction will progress with support building completions and procurement of long-lead
components for the fusion generator. Indicators to watch: Polaris electricity demonstration announcement
(watch for press releases from Helion or partner institutions); construction progress photos from the Malaga
site; any revisions to the 2028 Microsoft delivery timeline; whether Washington State Department of Health
approvals for deuterium-tritium fuel use expand to the Orion facility (Helion received D-T licensing for R&D in
2025, but Orion is intended to use deuterium-helium-3). Confidence is high for near-term milestones given
Helion's rapid prototyping track record (seven machines in ~15 years) and cleared regulatory path. The 2028
grid delivery target is more uncertain and depends on Polaris validating FRC physics at net-energy-relevant
conditions. Signs of schedule risk would include delays in Polaris commissioning, permitting complications for
the main generator building, or Microsoft hedging on the PPA timeline. The FRC approach is less mature than
tokamaks, and Helion's pulsed repetitive operation (rather than steady-state) is unproven at power-plant
scale, introducing execution risk.[35]

TAE Technologies validates hydrogen-boron physics and advances FRC reactor design

Why it matters: TAE Technologies has achieved two significant milestones that advance its path toward
commercial fusion power. First, in collaboration with Japan's National Institute for Fusion Science, TAE

has validated the physics feasibility of hydrogen-boron (p-""B) fusion, proving this aneutronic fuel cycle can
produce detectable fusion reactions in a magnetically confined plasma environment. Second, TAE's proprietary
Norm reactor has demonstrated a breakthrough in Field-Reversed Configuration (FRC) formation using only
neutral beam injection (NBI), eliminating complex startup systems and reducing reactor complexity and cost
by ~50%. However, the formidable bremsstrahlung radiation challenge casts substantial doubt on the
practical viability of hydrogen-boron fusion for net energy production. The extreme temperature
requirements and unfavorable power balance may render aneutronic fusion economically and technically
impractical despite its environmental advantages.[36][37][38][39][40][41][42][43][44][45][46][47][48]

What happened: TAE has accomplished breakthroughs through distinct efforts at two different facilities:

Achievement 1: Hydrogen-Boron Physics Validation at NIFS (2023) --- In February 2023, TAE Technologies
collaborated with Japan's National Institute for Fusion Science (NIFS) at the Large Helical Device (LHD)
stellarator in Toki, Japan. The experiments injected boron powder into the LHD plasma and used high-energy
proton beams (135-180 keV) to create hydrogen-boron fusion reactions. The experiments successfully
detected alpha particles with energies matching p-"'B fusion products, confirming the reaction can occur in a
magnetically confined plasma. Important: This validation was conducted in Japan's stellarator, not in a TAE
FRC reactor. Its significance lies in proving that hydrogen-boron fusion physics is viable in magnetic
confinement environments.[49][50]

Achievement 2: FRC Reactor Simplification at TAE Facilities (2025) --- TAE's Norm reactor in California
achieved stable FRC plasmas reaching over 70 million °C using only neutral beam injection, without theta-
pinch coils or complex auxiliary startup systems. This NBl-only formation was published in Nature
Communications in April 2025. The Norm device operated with standard deuterium fuel, not hydrogen-boron--
-demonstrating that TAE's simplified reactor architecture works efficiently.[51]

The Bremsstrahlung Radiation Challenge: While TAE's technological achievements are significant, the
fundamental physics of hydrogen-boron fusion presents severe challenges that may be insurmountable for
practical energy production. The primary obstacle is bremsstrahlung radiation---X-rays emitted when
electrons scatter off ions in the plasma. Due to boron's high atomic number (Z=5), bremsstrahlung losses scale
with Z% and become catastrophic at the extreme temperatures required for p-"B fusion.

Quantitative Analysis of the Power Balance Problem:



1. Temperature Requirements: Hydrogen-boron fusion requires ion temperatures of 150-200 keV (1.7-
2.3 billion Kelvin), approximately 10x higher than D-T's 15 keV requirement. At these temperatures,
bremsstrahlung radiation losses increase dramatically.

2. Power Loss Ratios: Recent analyses show that in thermonuclear equilibrium conditions (where
electron and ion temperatures are equal), bremsstrahlung power losses exceed fusion power output
by a factor of 1.74x or more. This means the plasma radiates away more energy than fusion reactions
produce, making net energy gain fundamentally impossible in thermal equilibrium.[52][53]

3. The "Rider Constraint": Physicist Todd Rider's seminal 1997 analysis demonstrated that even in non-
equilibrium conditions (where ions are kept much hotter than electrons), the recirculating power
required to maintain the non-equilibrium state is 10-36x greater than fusion power output,
depending on specific conditions. Updated analyses using revised p-"B cross-sections confirm that
recirculating power remains 19.5x fusion power even under optimistic assumptions.[54][55]

4. Temperature Ratio Requirements: To achieve any net energy gain, p-"'B fusion requires
maintaining ion-to-electron temperature ratios Ti/Te 2 3-10 (hot-ion mode). At TAE's proposed
conditions (Ti = 150-300 keV), electrons must be kept at Te < 30-50 keV to limit bremsstrahlung.
However, maintaining this extreme temperature separation requires continuous energy input that
exceeds fusion output.[56][57]

5. Electron Heating Problem: At Ti = 300 keV, the ion-electron energy transfer rate is 19.5x the fusion
power, meaning ions constantly heat electrons through collisions. Preventing electrons from heating
up requires extracting this energy and recycling it back to ions with near-perfect efficiency (>95%),
which is physically unrealistic with any known heat engine or energy conversion system.[58][59]

6. The 140 keV Window: Recent studies suggest a narrow parameter space where net energy might be
possible: if Ti = 300 keV and Te can be raised to ~140 keV, bremsstrahlung losses equal ion-electron
energy transfer, and both remain below fusion power by ~8%. However, achieving this requires ion
densities and confinement times 2-3 orders of magnitude beyond current capabilities, with energy
confinement times tE = 20-50 seconds (far exceeding any existing magnetic confinement
device).[60][61]

TAE's Strategy and the Reality Check: TAE's approach involves three phases: (1) Near-term: Copernicus will
demonstrate net energy using deuterium-tritium (D-T) fuel with simplified FRC design. (2) Medium-

term: Transition to hydrogen-boron fuel once FRC platform is validated. (3) Long-term: Commercial reactors
using aneutronic fuel.

However, the bremsstrahlung problem fundamentally calls into question whether phase 2 is achievable.
Even if Copernicus achieves net energy with D-T (already extremely difficult), the physics constraints of p-"B
fusion are qualitatively different and far more severe. The required Ti/Te > 3-10 with Ti = 200-600 keV has
never been demonstrated at fusion-relevant densities (10%° m~3) and durations (>1 second). Proposed
solutions---alpha channeling, wave-particle interactions, non-Maxwellian distributions---remain highly
speculative and unproven at reactor scales.[62][63]

Engineering Implications: If these physics challenges could somehow be overcome, TAE would still face
formidable engineering hurdles including: neutral beam injectors sustaining 200-600 keV ions at megawatt
power levels, plasma-facing materials withstanding intense bremsstrahlung X-ray fluxes, diagnostic systems
maintaining Ti/Te > 3 against collisional thermalization, and direct energy conversion systems achieving >50%
efficiency to close the power balance.[64]

Forward View --- Low-Medium Confidence: Over the next 12-18 months, expect TAE to finalize Copernicus
design and potentially break ground on a Southern California facility for a 50 MW D-T demonstration

reactor. Indicators to watch: Construction announcements; additional funding rounds; publication of detailed
p-""B physics results; scaling of NBI systems toward Copernicus power requirements.

Critical Assessment: Confidence in D-T net energy demonstration is medium given FRC physics advances.
Confidence in eventual hydrogen-boron operations is low due to the fundamental bremsstrahlung

constraint. Signs of difficulty would include: TAE de-emphasizing hydrogen-boron in favor of D-T or D-3He;
inability to secure Copernicus funding; revised timelines pushing p-"'B operations beyond the 2030s; or pivot to
hybrid fuel approaches.



The Bottom Line: While TAE's FRC technology represents genuine progress in reactor design, the hydrogen-
boron fuel cycle may prove to be a bridge too far. The bremsstrahlung radiation problem is not an
engineering challenge---it is a fundamental physics limit. Unless breakthrough discoveries in non-classical
energy transfer mechanisms or exotic plasma states far exceeding current theoretical predictions emerge,
practical hydrogen-boron fusion for electricity generation may remain permanently out of reach. TAE's most
realistic path to commercialization likely lies in D-T or D-3He fuel cycles, making their aneutronic fusion vision
aspirational rather than achievable in the foreseeable future.[65][66][67][68][69]

Sources: TAE Technologies and NIFS announcements; peer-reviewed publications in Nature
Communications and Physics of Plasmas; regulatory filings with the U.S. Nuclear Regulatory Commission;
analyses of bremsstrahlung constraints on p-""B fusion.[70][71][72](73][741[75][76](77]

Stellarator commercialization accelerates: Helical Fusion, Thea Energy, Proxima Fusion advance

Why it matters: Stellarators---long considered fusion's "dark horse"---are transitioning from academic
curiosity to commercial viability, driven by breakthroughs in high-temperature superconducting (HTS)
magnets, Al-enabled design optimization, and engineering validation at Germany's Wendelstein 7-X. Unlike
tokamaks, stellarators achieve plasma confinement through external magnet geometry alone, enabling
inherently steady-state operation without the need for plasma current drive. This eliminates disruption risks
and enables continuous power output, but requires extraordinarily complex 3D magnet shapes that were
prohibitively expensive to manufacture---until recent advances in HTS coil technology and computational
design tools. Three commercial stellarator ventures have reached significant milestones in late 2025,
collectively demonstrating that this pathway is no longer purely experimental.[78][79][80](81]

What happened:

e Helical Fusion (Seattle) announced in October 2025 that it successfully validated an HTS coil design
for its stellarator concept, completing finite element analysis and strain testing. The company is now
moving toward construction of a demonstration device, marking progress from simulation to
hardware. Helical Fusion's approach uses helical symmetry to simplify coil manufacture while
maintaining confinement properties.[82]

e Thea Energy (Virginia) released preconceptual plans in December 2025 for its Helios fusion power
plant, a stellarator design optimized for steady-state operation using planar (flat) HTS coils that are far
easier to manufacture than traditional 3D stellarator coils. The Helios concept represents a "realistic
engineering approach" to stellarators, prioritizing manufacturability and maintainability. Thea Energy
is backed by significant venture funding and aims for a demonstration plant in the 2030s.[83]

e  Proxima Fusion (Munich) extended its Series A funding to €200 million ($230 million) in 2025,
Europe's largest fusion private funding round. The company published the "Stellaris" power plant
concept in February 2025, a quasi-isodynamic stellarator design derived from Wendelstein 7-X
optimization work. Proxima's roadmap calls for Alpha, a net-energy demonstration stellarator, by the
late 2020s, followed by commercial plants in the 2030s. The company is in site selection discussions
with several European governments and has established operations in Munich, Switzerland (Paul
Scherrer Institute), and the UK (Culham).[84][85][86][87][88][89][90]

All three companies cite Wendelstein 7-X's success in demonstrating record stellarator confinement and the
feasibility of advanced divertor systems as validation of the underlying physics. W7-X achieved plasma
densities and temperatures approaching ITER-relevant conditions in quasi-steady-state operation, proving
stellarators can confine high-performance plasmas. The combination of proven physics, HTS magnet
technology enabling smaller devices, and Al-driven optimization tools (including machine learning for coil
design and plasma shape optimization) has made stellarators commercially tractable for the first
time.[91][92][93][94][95][96][97]

Sources: American Nuclear Society coverage of Helical Fusion; Thea Energy's published Helios concept and
company announcements; Proxima Fusion press releases, funding announcements, and Stellaris design paper;
Science magazine feature on stellarator resurgence; technical literature on W7-X
achievements.[98][99][100][101][102][103][104][105][106][107][108]



Forward View — Medium Confidence: Over the next 12-24 months, expect at least one of these companies to
break ground on a demonstration device, likely Proxima Fusion given its capital and engineering momentum.
Helical Fusion and Thea Energy will progress from design validation to detailed engineering and component
procurement. Indicators to watch: Site selection announcements and construction starts; HTS coil
manufacturing contracts (likely with established superconductor suppliers like Commonwealth Fusion Systems'
vendor base or specialized European firms); government co-funding or public-private partnerships (particularly
in Europe); publications of detailed stellarator optimization results using Al/ML tools. Confidence is medium
because stellarators remain less technologically mature than tokamaks---only W7-X has demonstrated high-
performance stellarator operation, and no stellarator has ever approached breakeven conditions. The extreme
3D complexity creates manufacturing risks even with HTS coils, and stellarators typically require larger plasma
volumes than tokamaks for equivalent performance, affecting capital costs. Signs of difficulty would be funding
gaps, construction delays, or if prototype devices fail to match W7-X's confinement performance (which would
indicate design optimization has not successfully translated German research into new configurations).
However, the convergence of multiple well-funded commercial efforts and enabling technologies (HTS, Al
design) suggests stellarators have crossed a viability threshold.[109][110]

Reversed Field Pinch (RFP) sees renewed interest for cost and simplicity

Why it matters: The Reversed Field Pinch configuration is re-emerging as a dark horse candidate for fusion
energy, offering potential advantages in magnet simplicity, ohmic heating efficiency, and capital

cost compared to tokamaks. RFPs confine plasma using a combination of toroidal and poloidal magnetic fields,
but with the toroidal field reversing direction at the plasma edge---a self-organized state that dramatically
reduces the required external magnetic field strength. This allows much simpler, lower-cost magnets (circular
coils rather than complex 3D shapes) and enables ohmic heating to drive the plasma current, reducing auxiliary
heating requirements. While RFPs have historically suffered from turbulence and energy confinement
challenges, recent advances in active feedback control and understanding of RFP physics are reviving
interest. No major commercial venture has yet committed to an RFP pathway, but the configuration is being
reconsidered as fusion developers seek to reduce capital costs and complexity.[111][112][113][114][115]

What happened: RFP research continues primarily at Italy's RFX-mod facility (operated by Consorzio RFX) and
has been the subject of recent theoretical and computational studies exploring improved confinement
regimes. The RFP's key advantage is its low external magnetic field requirement---the plasma self-generates
much of its confining field through internal currents, reducing magnet complexity and cost by factors of 2-5x
compared to tokamaks of similar size. Ohmic heating (resistive heating from the plasma current) can
potentially provide sufficient heating for fusion conditions without expensive neutral beam injectors or
radiofrequency heating systems. However, RFPs exhibit magnetic turbulence and reconnection events that
degrade confinement, historically limiting performance. Recent work has focused on understanding and
controlling these instabilities through improved feedback systems and optimized operational scenarios. Some
researchers have also explored hybrid configurations combining RFP and tokamak features, attempting to
capture RFP's simplicity with tokamak-like confinement. Helion Energy's FRC approach shares some conceptual
similarities with RFPs (self-organized magnetic fields, compact geometry) but uses a fundamentally different
topology. No dedicated RFP fusion startup has emerged with significant funding, unlike tokamaks, stellarators,
and FRCs, suggesting the configuration remains perceived as higher risk despite theoretical
advantages.[116][117][118][119][120]

Sources: Consorzio RFX research documentation; technical literature reviews of RFP physics; academic
conference proceedings on advanced RFP concepts; Princeton Plasma Physics Laboratory historical
perspectives on RFP research.[121][122][123]{124][125]

Forward View — Low-Medium Confidence: RFP development is likely to remain primarily in the research
domain over the next 12-24 months, with continued work at RFX-mod and university-scale experiments. The
configuration is unlikely to attract major commercial investment unless a breakthrough in confinement or a
credible path to net energy is demonstrated. Indicators to watch: Publications showing significant confinement
improvements in RFP experiments; whether any fusion startup announces an RFP-based program; government
funding for RFP research (particularly in Italy or as part of EU fusion programs); computational studies using
Al/ML to optimize RFP configurations. Confidence is low-medium because RFPs have not demonstrated
tokamak-competitive confinement despite decades of research, and the physics challenges (turbulence,



reconnection) have proven stubborn. The absence of private-sector interest despite the configuration's cost
advantages suggests that technical risk is perceived as prohibitive. However, RFPs deserve watching as a
potential "value engineering" pathway if fusion costs become a deployment bottleneck---the configuration's
simplicity could matter more in a post-demonstration world where cost competitiveness drives technology
selection.[126][127][128]

Cross-Cutting Development: Al Transforms Fusion Across All Pathways

Artificial intelligence and machine learning are increasingly integrated across all fusion approaches,
accelerating development in three critical areas:

1. Real-time plasma control: Google DeepMind's collaboration with Commonwealth Fusion Systems and
EPFL demonstrates Al controllers managing tokamak plasmas, preventing disruptions and optimizing
confinement. CFS's digital twin partnership with Nvidia and Siemens uses Al to simulate and optimize
SPARC operations before hardware commissioning. Similar techniques are applicable to stellarators
and other configurations.[129][130][131][132][133]

2. Design optimization: Machine learning algorithms are exploring vast design spaces for stellarator coil
geometries, FRC operational scenarios, and hybrid configurations---tasks that would take human
engineers years. Proxima Fusion and other companies are using Al to refine magnet designs and
plasma shaping.[134][135]{136][137]

3. Simulation acceleration: Al-enhanced physics codes like DeepMind's TORAX can run tokamak
simulations orders of magnitude faster than traditional codes, enabling rapid iteration on reactor
designs. MIT and other institutions are using Al to unlock fusion core physics understanding from
existing experimental data.[138][139][140][141]

This Al integration is compressing fusion development timelines by enabling faster design cycles, better
operational control, and more efficient use of expensive experimental time. The convergence of fusion physics
and cutting-edge Al/computing represents a qualitative shift in how fusion systems are engineered, potentially
explaining the recent acceleration across multiple pathways simultaneously.[142][143][144][145]

Strategic Implications and Risks

Diversification of fusion pathways reduces technology risk---if one approach encounters insurmountable
obstacles, alternatives remain viable. The maturation of stellarators, FRCs, and continued tokamak progress
suggests fusion commercialization may arrive via parallel routes rather than a single winner-take-all
technology. This could accelerate grid deployment by 2035-2040 as multiple approaches reach commercial
readiness on similar timescales.

Temperature and physics challenges remain formidable, particularly for advanced fuel cycles. TAE's hydrogen-
boron pursuit requires plasma conditions an order of magnitude more extreme than D-T fusion, with
bremsstrahlung radiation losses presenting a fundamental physics limit rather than an engineering challenge.
The extreme temperature ratios (Ti/Te > 3-10) required to achieve any net energy gain have never been
demonstrated at fusion-relevant densities and durations, raising serious questions about whether aneutronic
fusion can ever be practical. Even D-T approaches face challenges in sustaining high-performance plasmas for
power-plant durations (hours to days).[146][147][148][149][150][151]

Manufacturing and supply chain readiness is becoming critical. HTS magnet production, tritium breeding
systems, plasma-facing materials, and specialized diagnostics are needed at commercial scale. Companies like
CFS, Proxima Fusion, and Helion are racing to establish supply chains, but bottlenecks could constrain
deployment even if physics succeeds.[152]

Regulatory frameworks are evolving rapidly but unevenly. The U.S. NRC has issued fusion-specific guidance
(NUREG-1556 Volume 22), and Helion has secured state-level approvals in Washington. However, international
harmonization of fusion regulations remains incomplete, potentially creating deployment
barriers.[153][154][155][156]



Workforce shortages loom as a systemic risk---multiple fusion companies competing for specialized plasma
physicists, superconducting magnet engineers, and neutronics experts could slow all programs.[157][158]

ITER's Progress and International Cooperation: The International Thermonuclear Experimental Reactor (ITER)
continues to advance as a critical milestone in fusion development. In 2025, ITER reached significant
construction milestones, including completion of its control building and major progress on the central
solenoid modules. ITER's engineering achievements provide essential validation for the physics basis and
technologies required for future demonstration reactors (DEMO). The International Tokamak Physics and
Engineering Activity (ITPEA), expanded in 2026 from the International Tokamak Physics Activity (ITPA),
coordinates research among ITER Members to ensure successful operation and knowledge transfer for
commercial applications.[159][160][161]

National Ignition Facility's Laser Fusion Leadership: The National Ignition Facility (NIF) has achieved repeated
success with its laser-based inertial confinement fusion (ICF) approach, setting world records for energy gain.
In April 2025, NIF achieved a yield of 8.6 MJ with a target gain of 4.13, demonstrating the scalability of ICF
technology. These breakthroughs validate laser fusion as a viable pathway and support the emergence of
commercial laser fusion companies like Focused Energy. NIF's achievements also strengthen the scientific basis
for diverse fusion approaches and validate the importance of sustained government investment in fusion
research.[162][163][164]

Commonwealth Fusion Systems' SPARC Progress: Commonwealth Fusion Systems has progressed significantly
with SPARC, with approximately 70% of components completed or in quality testing as of late 2025. All
toroidal field magnet winding packs are expected to be finished soon, a critical prerequisite for joining the two
halves of the vacuum vessel. SPARC's schedule aims for first plasma in 2026 and net fusion energy
demonstration shortly thereafter, positioning CFS to lead the transition from demonstration to commercial
power generation via its planned ARC power plant.[165][166]

Forward Outlook Summary

Pathway Near-Term Milestone (6-12 Confidence | Key Risk
months)

Tokamaks Density-free regime Medium Physics understanding incomplete; may

(China EAST) reproduction at other facilities not translate to other machines

FRC (Helion) Polaris demonstrates Medium- FRC physics less mature than tokamaks;
electricity generation from High pulsed operation unproven at scale
fusion

FRC (TAE) Copernicus design finalization; | Low- Hydrogen-boron bremsstrahlung
D-T focus prioritized over p-"B | Medium constraint fundamental; p-"B timeline

may extend or be abandoned

Stellarators At least one company breaks Medium 3D complexity creates manufacturing
ground on demonstration risks; less mature than tokamaks
device

RFP Research continues; unlikely to | Low- Confinement challenges unresolved; no
see commercial program Medium private-sector interest

ITER Machine assembly reaches High Schedule delays; budget variations
70%+ completion; continued
construction

NIF (ICF) Continue demonstrating High Technology transfer to commercial
repeatability at multi- partners
megajoule energy gains

Al/ML Widespread adoption of Al High Over-reliance on simulation could miss

Integration plasma control and design real-world physics
tools

The Fusion Field at an Inflection Point



The fusion field is entering a phase of competitive pluralism, with multiple well-funded approaches racing
toward demonstration milestones in the late 2020s. The diversity of pathways increases the probability that at
least one will succeed commercially, but also fragments talent and resources. The next 12-24 months will be
critical as hardware construction accelerates and companies transition from design to operational testing---
where physics realities will validate or challenge ambitious timelines. The hydrogen-boron fuel cycle, despite
its appealing physics promise of aneutronic operation, faces a fundamental bremsstrahlung radiation
constraint that may prove insurmountable, potentially redirecting commercial fusion development back
toward conventional D-T and D-3He fuel cycles.
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