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Execu&ve Summary 

The fusion energy industry enters mid-Q1 2026 in a paradoxical state: hardware progress is genuinely 
accelera&ng while the gap between corporate promises and physical achievement con&nues to 
widen. Since the February 3, 2026 update, several notable developments have occurred—Helion's Polaris 
prototype achieved 150 million °C plasma temperatures and measurable deuterium-triJum fusion, 
Proxima Fusion launched a 30-company industrial alliance for its Alpha stellarator demonstrator, General 
Fusion announced a ~$1 billion SPAC merger to go public, and Pacific Fusion reported breakthrough 
experiments at Sandia's Z Pulsed Power Facility. Meanwhile, the U.S. federal government proposed 
slashing fusion energy sciences funding by 37%, and no private fusion company has yet demonstrated 
Q>1 net energy gain from a privately-funded device. The industry is simultaneously entering public 
markets and confronJng the uncomfortable reality that fusion power purchase agreements, IPO 
roadshows, and site selecJon announcements are dramaJcally outpacing the physics validaJon required 
to deliver on them. (39–45, 47–48) 

 

  



Part One: Industry Developments — Major Updates Since February 3, 2026 

1. Helion Energy: Polaris Achieves 150M °C — But Net Electricity Remains Elusive 

What happened (February 2026): Helion Energy announced that its seventh-generaJon Polaris prototype 
achieved two milestones: becoming the first privately funded fusion machine to operate with deuterium-
triJum fuel and demonstrate measurable D-T fusion, and secng a new private-sector plasma 
temperature record of 150 million °C. The company characterized these as "historic results" validaJng its 
approach to high-power fusion. (39–40, 49) 

Why it maZers — and why cau&on is warranted: These achievements are genuine technical progress. 
OperaJng with D-T fuel and reaching 150 million °C are meaningful steps. However, the milestone that 
actually maZers — net electricity produc&on — remains unachieved, and its absence is increasingly 
conspicuous. Helion publicly commifed to demonstraJng net electricity from Polaris by end of 2024. That 
deadline was missed. The target shiged to "later in 2025". By early 2026, it has shiged again. The pafern 
of repeatedly announcing impressive-sounding but intermediate milestones while the core deliverable 
slips is a hallmark of technology programs in trouble. (40, 50) 

The 200 million °C gap: Helion itself has stated that 200 million °C is the "sweet spot" for commercial 
fusion plant operaJon. At 150 million °C, Polaris is at approximately 75% of the temperature target — but 
in fusion physics, the final 25% of temperature increase does not correspond to 25% of the remaining 
difficulty. Fusion reacJon rates scale non-linearly with temperature, and maintaining plasma stability 
while pushing higher into the burning plasma regime introduces qualitaJvely new physics challenges. (40) 

The Microso\ PPA reality check: Helion's binding power purchase agreement commits it to deliver at 
least 50 MW of fusion electricity to Microsog by end of 2028. Consider the chain of milestones required: 
demonstrate net electricity from Polaris (not yet achieved), design and build the Orion commercial 
reactor at scale, commission and validate it, and deliver grid-ready power — all within approximately 30 
months. The Orion facility in Malaga, Washington is under construcJon, but the main fusion generator 
building has not yet begun construc&on, and progress appears conJngent on Polaris outcomes. This 
Jmeline is, by any reasonable engineering assessment, extremely unlikely to be met at the contracted 50 
MW level. (15, 40) 

Forward assessment (Medium-Low Confidence): Helion's FRC technology is advancing, but the 
company's credibility is being eroded by a pafern of missed deadlines. The opJmisJc path sees Polaris 
demonstraJng some level of net electricity generaJon in 2026, enabling a renegoJated Microsog PPA 
with reduced capacity and an extended Jmeline (2029–2030). The realisJc path acknowledges that 
scaling from prototype net electricity to a 50 MW commercial plant requires 4–6 years of engineering 
development, not 2. Indicators to watch: Any announcement of actual net electricity values from Polaris 
(not just temperature or D-T reacJon records); Microsog's public statements about the PPA Jmeline; 
whether Orion's main generator building breaks ground in 2026. 

 

  



2. General Fusion: Going Public via $1 Billion SPAC — Before Proving the Physics 

What happened (January 22, 2026): General Fusion announced a merger with Spring Valley AcquisiJon 
Corp. III (SVAC III) to go public on Nasdaq under the Jcker "GFUZ." The transacJon values General Fusion 
at approximately $600 million pre-deal, with $230 million from SVAC III's trust (subject to potenJal 
redempJon by unitholders) and $105 million from an oversubscribed PIPE. The deal is expected to close 
by mid-2026. (47–48, 53) 

Why it maZers: General Fusion would become one of the first publicly traded "pure-play" fusion 
companies, following the TAE-Trump Media announcement in December 2025. This marks a second 
fusion company seeking public market capital before achieving scien&fic breakeven — a pafern that 
demands scruJny. (53–54) 

The technology status: General Fusion's LM26 (Lawson Machine 26) is operaJonal in Richmond, B.C., and 
has progressed to mechanically compressing plasma with a lithium liner at 50% of commercial-scale 
diameter. The company reached first plasma in March 2025 and is now targeJng a sequence of 
milestones: 10 million °C (1 keV), 100 million °C (10 keV), and scienJfic breakeven equivalent. 
However, none of these milestones have been publicly confirmed as achieved, and General Fusion's own 
history includes over 20 years of operaJon and a prior broken promise of breakeven made more than two 
decades ago. (53, 55–56) 

SPAC economics and risk: The SPAC structure introduces significant investor risk. SVAC III unitholders may 
redeem their shares, potenJally reducing the cash available to General Fusion to the $105 million PIPE 
alone. Some SPAC transacJons have experienced redempJon rates exceeding 90%. The company's 115 
employees and $400 million in prior funding have not yet yielded a demonstraJon of net energy. The 
SPAC sponsors previously backed NuScale Power's lisJng, which has experienced significant share price 
volaJlity. (47, 57–58) 

Forward assessment (Medium-Low Confidence): General Fusion's magneJzed target fusion approach is 
technically disJnct and potenJally viable, but the decision to go public before demonstraJng breakeven-
equivalent results creates a perverse incen&ve structure where market expectaJons may drive Jmeline 
announcements rather than physics. Indicators to watch: LM26 milestone achievement announcements 
(temperature, Lawson criterion); SPAC redempJon rates at close; whether General Fusion's UK 
demonstraJon program (in partnership with UKAEA) advances or stalls. 

 

  



3. Proxima Fusion: Alpha Alliance Launches Europe's Stellarator Push 

What happened (February 25, 2026): Proxima Fusion launched the Alpha Alliance, bringing together 
more than 30 European and internaJonal industrial companies to deliver Alpha, a net-energy-gain fusion 
demonstrator based on stellarator technology. A memorandum of understanding was signed with the 
Free State of Bavaria, RWE, and the Max Planck InsJtute for Plasma Physics (IPP), outlining a roadmap 
that begins with Alpha's construcJon near IPP in Garching, with operaJon targeted in the 2030s. The 
subsequent commercial plant, Stellaris, is planned for the site of the former Gundremmingen nuclear 
power plant, currently being decommissioned by RWE. (42, 44, 59–60) 

Why it maZers: This is the most advanced public industrial commitment to stellarator 
commercializa&on in Europe, with a credible uJlity partner (RWE), established research infrastructure 
(IPP/Wendelstein 7-X), and government backing (Bavaria). The partnership model mirrors Type One 
Energy's approach with TVA in Tennessee, suggesJng a convergent industry strategy of pairing fusion 
startups with experienced uJlity operators. (61–62) 

Reality check: Proxima Fusion spun out of the Max Planck InsJtute in 2023. The company has raised 
approximately €200 million — significant for a stellarator startup, but a fracJon of what CFS or Helion 
have raised. Alpha's operaJonal target in "the 2030s" remains vague, and no stellarator has ever 
approached breakeven condiJons. The Wendelstein 7-X physics that underpins Proxima's approach is 
sound, but translaJng W7-X's research results into a new machine designed by a three-year-old company 
involves substanJal design, engineering, and manufacturing risk. The 30+ company alliance is a posiJve 
signal of industrial seriousness, but memoranda of understanding are not construc&on contracts, and 
the gap between signing an MoU and pouring concrete is measured in years and billions of euros. (15, 42) 

Forward assessment (Medium Confidence): Proxima's approach — leveraging Europe's stellarator 
experJse, an established research insJtuJon, a uJlity partner, and government support — represents one 
of the more credible commercializaJon strategies in the industry. The 2030s Jmeline for Alpha is 
ambiJous but not wildly unrealisJc given stellarator physics maturity. Indicators to watch: Site acquisiJon 
and groundbreaking for Alpha; HTS coil manufacturing contracts; EU or German government co-funding 
announcements; whether RWE makes a firm investment commitment beyond the MoU. 

 

  



4. Pacific Fusion: Simplifica&on Breakthrough at Sandia — But Very Early Innings 

What happened (February 2026): Pacific Fusion, in partnership with Sandia NaJonal Laboratories, 
reported results from experiments at Sandia's Z Pulsed Power Facility demonstraJng pulser-driven inerJal 
confinement fusion with a simplified target design made only of aluminum and plasJc. The experiments, 
conducted under a CooperaJve Research and Development Agreement, used 22 million amps of pulsed 
power to gather data on these simplified targets. (45–46, 23) 

Why it maZers: Target complexity and cost have been a fundamental barrier to commercial ICF. Each shot 
at NIF requires an intricate, expensive target assembly that is vaporized on every pulse. If Pacific Fusion 
can demonstrate adequate fusion performance with radically simpler targets, it could make pulser-driven 
ICF economically viable at commercial repeJJon rates. The company projects its DemonstraJon System 
will achieve 1,000× the price-performance of NIF by 2030 and 100× higher facility-level energy gain. (23, 
27) 

Reality check: These projecJons are extraordinary. Pacific Fusion was founded in 2023 and raised $900 
million in its Series A. The Sandia experiments provided data on simplified targets — not a demonstraJon 
of net energy gain. The company's claims of 1,000× improvement over NIF are projecJons, not results. 
The gap between "gather measurements on simplified targets" and "build a commercial fusion power 
plant" spans mulJple decades of engineering development in convenJonal program trajectories. Pacific 
Fusion's rapid funding ($900M at founding) reflects Big Tech's appeJte for fusion bets, not physics 
validaJon. (63) 

Forward assessment (Low-Medium Confidence): Pacific Fusion's approach is technically interesJng and 
well-funded, but the company is at a very early stage. The Sandia experiments are a promising first step, 
not a breakthrough. Indicators to watch: PublicaJon of detailed experimental results; whether simplified 
targets achieve adequate implosion symmetry and neutron yields; construcJon progress on Pacific 
Fusion's own faciliJes. 

 

  



5. U.S. Federal Funding: Tighter Priorities, But Continued Support 

What happened: U.S. federal fusion funding came under pressure in FY2026, but the outcome was 
more selective than severe. The administration requested $744.8 million for Fusion Energy Sciences 
(FES), down from $790.0 million in FY2025. That reduction was driven mainly by a proposed cut in 
the U.S. contribution to ITER from $200.0 million to $77.5 million. At the same time, the request 
increased the non-construction FES portfolio from $590.0 million to $667.3 million, reflecting 
stronger emphasis on domestic research, public-private partnerships, and commercialization-linked 
programs. Congress then moderated the request in the final FY2026 appropriations package: Fusion 
Energy Sciences increased overall, although construction funding within FES fell 14.7%, and the U.S. 
ITER contribution was set at $171 million. (U.S. DOE Office of Science) 

Why it matters: The FY2026 result points to a change in funding priorities rather than a broad 
retreat from fusion. Core fusion science and enabling research were preserved, while pressure fell 
more heavily on major construction and international commitments. That distinction matters 
because the U.S. fusion ecosystem depends on more than private company fundraising. It also 
depends on the federal research base, national laboratories, user facilities, and shared technical 
infrastructure that support both magnetic and inertial fusion development. (AIP) 

Strategic implications: For private fusion companies, the key issue is not simply the top-line federal 
number, but where money is being directed. DOE’s FY2026 request explicitly expanded support for 
public-private partnerships, including the Milestone-Based Fusion Development Program, INFUSE, 
the new Private Facility Research pilot, and Fusion BRIDGE. These mechanisms matter because they 
connect venture-backed firms to laboratory expertise, test infrastructure, materials work, 
diagnostics, and the broader talent pipeline. Even in a market where private capital remains 
available, sustained federal support still plays a critical role in de-risking technology and accelerating 
pilot-plant development. (U.S. DOE Office of Science) 

ARPA-E context: The same pattern applies to Advanced Research Projects Agency–Energy (ARPA-
E). The administration requested $200 million for FY2026, down from $460 million in FY2025. 
Congress did not eliminate the agency, but it did reduce funding to $350 million. That leaves ARPA-E 
intact, though with a smaller budget and less room to back early-stage, high-risk energy 
technologies, including fusion-adjacent work. (arpa-e.energy.gov) 

Forward assessment (Medium Confidence): The immediate FY2026 funding picture is therefore 
more stable than a simple “budget squeeze” narrative suggests. Federal support for fusion remains 
in place, but priorities are tightening and becoming more targeted. The main indicators to watch 
now are the FY2027 budget request, the trajectory of ITER and other construction accounts, and 
whether commercialization-oriented mechanisms such as milestone programs, INFUSE, and ARPA-E 
continue to receive durable political backing. (appropriations.senate.gov) 

 

  



Ongoing Developments: Status Updates 

Commonwealth Fusion Systems: SPARC Assembly Con&nues 
CFS remains on the most credible Jmeline of any private fusion company. The tokamak is in "full assembly 
mode" with all 18 TF magnets expected installed by summer 2026. CFS itself described its primary 
challenge as "maintaining consistent execuJon" during a complex integraJon phase, an unusually candid 
acknowledgment of the difficulty ahead. The company conJnues to target Q>1 by 2027. If achieved, this 
would be a landmark — but first-of-kind integraJon of superconducJng magnets, cryogenic systems, 
vacuum vessels, and plasma control systems at this scale has never been afempted, and the history of 
such projects suggests delays during commissioning are common rather than excepJonal. (67–69) 

TAE Technologies / Trump Media Merger 
The merger remains on track for mid-2026 close, pending shareholder and regulatory approvals. No new 
technical milestones have been announced for TAE's fusion program since the previous update. The 
fundamental bremsstrahlung constraint on hydrogen-boron fusion remains unresolved. The announced 
2026 construcJon start for a 50 MWe plant was always aspiraJonal; no specific site has been publicly 
selected, and no NRC pre-applicaJon engagement has been disclosed. The merger creates one of the first 
publicly traded fusion companies but raises significant conflict-of-interest concerns. President Trump's 
shares in TMTG are held in the Donald J. Trump Revocable Trust (managed by Donald Trump Jr.), giving 
the President's family indirect ownership of a fusion company that will compete for Department of Energy 
funding and contracts. TAE has already received $6.1 million in DOE INFUSE awards in September 2025. 
Ethics watchdog Public CiJzen co-president Robert Weissman called it "a ridiculous merger," arguing that 
"the markets are becng on the prospect of the Trump grig expanding and for direct federal government 
payments to a company whose leading shareholder is the president of the United States". The White 
House denied any conflict of interest. Meanwhile, Trump Media reported a $54.8 million loss in Q3 2025 
and its stock had plummeted nearly 70% before the merger announcement, raising quesJons about 
whether the deal is driven by TAE's strategic needs or by TMTG's need for a business model beyond Truth 
Social. (15, 54, 70–74) 

Type One Energy: Tennessee Licensing Progresses 
Type One Energy's iniJal licensing applicaJon to the Tennessee Department of Environment and 
ConservaJon (TDEC) for its stellarator projects at the Bull Run site is proceeding. The company's total 
assets exceed $695 million, with backing from Bill Gates' Breakthrough Energy Ventures. The TVA 
partnership remains one of the most credible uJlity-developer alignments in the industry. Type One's 
2029 target for Infinity One and mid-2030s for the 350 MWe Infinity Two remain unchanged. (61–62, 75) 

ITER: Quietly Making Progress 
In a development that received far less afenJon than startup press releases, ITER reported at its 37th 
Council meeJng in December 2025 that the project is running somewhat ahead of its updated schedule 
while spending less than anJcipated. Assembly of sector modules conJnues as the criJcal path. The 
project sJll targets first plasma in 2033–2034 and D-T operaJons in 2039. While rouJnely dismissed by 
private fusion advocates, ITER remains the only facility that will demonstrate burning plasma physics at 
scale — data that every subsequent commercial fusion plant will need. (76–77) 

China: Expanding Fusion Ambi&ons 
China's ENN Science and Technology is building the EHL-2 spherical torus device, esJmated for 
compleJon by mid-2027, pursuing the proton-boron fusion pathway. ENN has joined the ITPEA physics 
acJviJes as only the second private company to do so. China Fusion Energy Co. (CFEC), capitalized at 
approximately €1.9 billion, conJnues embedding fusion into the naJonal nuclear development roadmap. 
China's public fusion investment conJnues to grow while the U.S. debates cuts — a strategic asymmetry 
that deserves serious afenJon. (15, 78–80) 

 

  



Cross-Cuhng Themes 

The Financializa&on of Fusion: Public Markets Before Public Proof 

The most significant structural shig in the fusion industry is its rapid financializa&on. Within weeks, three 
companies announced paths to public markets: TAE Technologies (via Trump Media reverse merger, 
~$6B), General Fusion (via SPAC, ~$1B), and the FIA has reported growing interest from addiJonal 
companies in IPOs. This creates a fundamental tension: public markets demand quarterly progress 
narra&ves, while fusion physics operates on mul&-year experimental &mescales. (15, 47, 54) 

The risk is that companies opJmize for market-friendly announcements (site selecJons, temperature 
records, partnership signings) over the paJent, unglamorous work of solving materials degradaJon, 
triJum breeding, and plasma stability at power-plant-relevant condiJons. The 2021–2022 clean tech SPAC 
boom and bust is directly relevant: companies like Lordstown Motors, Nikola, and QuantumScape went 
public via SPACs on ambiJous technology promises, saw massive share price spikes, then experienced 
dramaJc declines as reality fell short of projecJons. The same Spring Valley sponsors backing General 
Fusion's current deal previously brought NuScale Power public in 2022. NuScale's stock touched an all-
Jme high of $57.42 in October 2025 before crashing over 79% to approximately $11–12 by March 2026. 
NuScale remains pre-revenue with a profit margin of negaJve 273% and negaJve earnings per share. 
General Fusion's CEO explicitly cited NuScale as a comparable, arguing that "similar dynamics could 
possibly drive interest" in General Fusion's shares — a comparison that should alarm rather than reassure 
investors given NuScale's trajectory. The fundamental problem is that public markets reward quarter-to-
quarter narraJve management, while fusion physics operates on mulJ-year experimental Jmescales 
where a single unexpected result can invalidate years of projecJons. (81–85) 

The Tri&um Time Bomb 

TriJum supply constraints remain a fundamental and largely underappreciated risk to the enJre fusion 
industry. Global civilian triJum stocks are esJmated at just 25–30 kg, produced almost enJrely by 
Canada's CANDU reactor fleet at roughly 2 kg per year. A single commercial reactor startup may require 
5–14 kg, and a full-scale 3 GW commercial plant would burn approximately 167 kg per year — the output 
of hundreds of CANDU reactors. TriJum decays at ~5% per year (12.3-year half-life), making long-term 
stockpiling impracJcal. Half of Canada's CANDU fleet is due for reJrement this decade, though planned 
refurbishments may extend operaJons to the 2070s. Nearly 45% of fusion companies in the FIA survey 
idenJfied triJum self-sufficiency as a major near-term challenge. ITER alone will require 12.3 kg for its 
planned 15 years of D-T operaJons, consuming a significant share of available global stocks. The UK and 
Canada launched a joint research program in 2024 to address triJum producJon and processing, 
recognizing the geopoliJcal implicaJons of Canada's near-monopoly on civilian supply. The fundamental 
paradox: to breed tri&um, you need a working fusion reactor with a proven breeding blanket — but to 
start a fusion reactor, you need tri&um. If the first genera&on of breeding blankets underperform, the 
industry faces a fuel crisis with no near-term solu&on. (86–91) 

Workforce: Too Few People for Too Many Promises 

The fusion sector employed approximately 2,400 people worldwide as of 2023, with nearly 40% holding 
PhDs. Even with rapid growth, the industry workforce remains Jny relaJve to its ambiJons. The sector 
requires specialists in plasma physics, cryogenics, superconducJng magnet engineering, neutron 
shielding, and advanced manufacturing — all fields with acute global shortages. As fusion moves from 
laboratory research toward commercial construcJon, the talent profile must shig dramaJcally: by 2040, 
esJmates suggest the industry will need 198,000 manufacturing and construcJon workers, 193,000 in 
operaJons and maintenance, and 20,000 in R&D. However, academic plasma physics and fusion 
engineering programs have been shrinking for decades, and rebuilding them will take years even with 
aggressive investment. MulJple fusion companies compeJng simultaneously for the same narrow talent 



pool risks slowing all programs — a dynamic already visible as companies poach researchers from naJonal 
labs and universiJes, weakening the foundaJonal research ecosystem that feeds innovaJon. (92–95) 

The $77 Billion Gap 

The Fusion Industry AssociaJon's 2025 survey revealed a striking number: when asked how much 
addiJonal investment each company needs to bring pilot plants online, responses ranged from $3 million 
to $12.5 billion, with a median of $700 million and a total across all respondents of approximately $77 
billion. The industry has raised $9.8 billion to date. Even accounJng for inevitable consolidaJon, the 
funding gap between current capital and what's needed for commercializa&on is enormous — roughly 
8× what has been commifed so far. This gap exists against a backdrop of 83% of fusion companies 
idenJfying investment as a major challenge. The capital intensity problem is compounded by the fact that 
fusion companies are pre-revenue technology developers requiring sustained investment through mulJ-
year demonstraJon phases before any grid deployment. Unlike sogware startups that can iterate rapidly 
toward product-market fit, fusion companies face billion-dollar capital requirements for each successive 
prototype generaJon, with no revenue unJl a commercial plant actually operates. (63) 

LCOE Reality: Fusion's Compe&&on Has Not Stood S&ll 

While fusion companies project future levelized costs of electricity (LCOE) of $25–60/MWh once 
technology matures, the compeJJon has conJnued to fall in price. UJlity-scale solar PV now delivers 
LCOE of $0.03–0.09/kWh ($30–90/MWh), and natural gas is slightly higher. IniJal fusion plants are 
esJmated to exceed $0.15/kWh ($150/MWh) — a premium that may be jusJfiable for baseload reliability 
and zero-carbon credenJals, but only if fusion actually works and works reliably. The assumpJon that 
fusion will eventually achieve cost parity with mature energy technologies requires learning curves and 
manufacturing scale-up that have not yet begun because no commercial fusion plant exists. A recent 
Kleinman Center analysis noted that iniJal fusion plants face "materials science, plasma stability, and 
engineering" obstacles that make early LCOE projecJons highly speculaJve. The compeJJve landscape is 
moving fast: uJlity-scale solar LCOE declined approximately 90% over the past decade and conJnues 
falling, while bafery storage costs have dropped 80%. Fusion will not compete against today's energy 
prices — it will compete against the 2035–2040 prices of technologies with 15–20 addiJonal years of cost 
improvement and deployment experience. (96–97) 

 

  



Part Two: The Physics — Unresolved Challenges Behind the Press Releases 

Every fusion approach faces specific, formidable physics challenges that are ogen glossed over in 
company announcements. These are not minor engineering details to be opJmized later; they are 
fundamental quesJons about whether each approach can work at all at commercial scale. Understanding 
them is essenJal to judging whether corporate Jmelines and investor expectaJons have any basis in 
physical reality. 

 

The Bremsstrahlung Radia&on Challenge: p-¹¹B Fusion's Thermodynamic Wall 

TAE Technologies' long-term vision centers on proton-boron-11 (p-¹¹B) fusion, ogen marketed as 
"aneutronic" because the primary reacJon produces three alpha parJcles and no neutrons. (32, 119) The 
appeal is obvious: low neutron damage, no triJum supply constraint, and simpler waste handling. The 
underlying physics is far less forgiving. 

The core problem is bremsstrahlung radiaJon — electromagneJc power radiated when electrons are 
deflected by ion charge. Because boron has atomic number Z = 5, bremsstrahlung losses in a hot p-¹¹B 
plasma scale much worse than in deuterium-triJum plasmas. Todd Rider's classic MIT analysis showed 
that for any thermal p-¹¹B plasma, bremsstrahlung power density inevitably exceeds fusion power density, 
rendering net energy producJon impossible in equilibrium. (25, 115) More recent work on non-thermal 
proton distribuJons and hybrid fast/thermal schemes improves the balance somewhat, but even 
opJmisJc models where waves concentrate energy into a fast proton tail find fusion power exceeding 
bremsstrahlung by only a few percent — essenJally no pracJcal margin once real-world inefficiencies are 
included. (20, 106–107) 

Alpha-parJcle "ash" then makes a bad situaJon worse. Fusion-born alphas increase both plasma pressure 
and bremsstrahlung losses unless they are removed or their energy is selecJvely channeled back into the 
fuel. Recent analyJc and numerical studies of p-¹¹B "ash poisoning" find that avoiding radiaJve collapse 
requires either aggressive alpha removal or sophisJcated wave-based "alpha channeling," neither of 
which has been demonstrated in an integrated device. (21, 108) In pracJce, advanced-fuel designs are 
forced to dilute boron (ogen below 50% of ion content) to keep bremsstrahlung manageable, which 
directly reduces fusion power density. (22, 109) 

TAE's current machines therefore operate with convenJonal fuels (deuterium and, in future, deuterium-
triJum); p-¹¹B remains a long-term aspiraJon rather than a realisJc commercial fuel for first-generaJon 
power plants. 

 

Helion's D–He-3 Paradox: "Aneutronic" Fuel That S&ll Produces Neutrons 

Helion's enJre business model rests on deuterium–helium-3 (D–He-3) fusion in a pulsed field-reversed 
configuraJon (FRC), coupled to direct energy conversion. In the idealized D–He-3 reacJon, four of the five 
products are charged, allowing Helion to compress the plasma inducJvely and then recover the 
expanding plasma's energy directly into the grid through changing magneJc flux. (12, 14) 

Two fundamental physics complicaJons follow immediately: 

• Temperature requirement. D–He-3 reacJvity peaks at roughly four Jmes the temperature of D–
T; Helion targets ~200 million °C rather than ~50 million °C. (12, 14) 



• Side-reac&on inevitability. Wherever deuterium is present, D–D reacJons also occur. These D–D 
channels produce 2.45 MeV neutrons and triJum nuclei. Cross-secJon data show that even at 
opJmal condiJons, the D–He-3 reacJon rate never exceeds about 3.5× the D–D rate at 
comparable temperatures, so D–D remains a non-negligible contributor to both power and 
neutron output. (14) 

Helion actually relies on these D–D reacJons. Helium-3 is essenJally unavailable terrestrially; Helion has 
publicly described a catalyJc fuel cycle in which D–D reacJons inside its machines generate triJum and 
helium-3, which then feed the main D–He-3 reacJon. (12, 14) That means a significant fracJon of fusion 
power must go through D–D pathways. Independent analyses suggest that in realisJc operaJng regimes 
roughly 10% of Helion's total fusion energy emerges as neutrons — far below a D–T tokamak's ~80%, but 
sJll enough to drive materials damage, acJvaJon, and shielding requirements that are ogen downplayed 
in public communicaJons. 

On top of fuel-cycle issues, the FRC itself is a marginally stable configuraJon. Ideal MHD predicts Jlt and 
rotaJonal instabiliJes that rapidly destroy confinement; Helion's own technical note acknowledges these 
modes and argues that large-orbit kineJc effects plus careful shaping can stabilize elongated FRCs for 
short Jmes. (13) The company's strategy is to run very short pulses, burning the plasma before 
instabiliJes fully grow. That pushes much of the physics risk into scaling: from today's millisecond-scale 
experiments (including Helion's recent D–T shots on Polaris) to a commercial machine execuJng millions 
of high-temperature D–He-3 pulses per day while reliably maintaining stability and high-efficiency direct 
energy recovery. 

 

Tokamak Disrup&ons: The Billion-Dollar Millisecond (CFS, ITER) 

Tokamak-based efforts such as Commonwealth Fusion Systems' SPARC (and later ARC) and ITER carry the 
strongest experimental pedigree: tokamaks have produced the highest triple products and Q values to 
date. Their defining physics liability is the disrup4on — a sudden loss of confinement in which the 
plasma's thermal and magneJc energy is dumped onto the vessel in milliseconds. (34, 118) 

At SPARC-class parameters, a disrupJon can: 

• Impose large mechanical forces on the vacuum vessel and support structures 
• Cause localized melJng or erosion of plasma-facing components 
• Generate mulJ-megaamp runaway-electron beams capable of puncturing walls (6, 34, 118) 

High magneJc fields improve stability margins and may reduce disrupJon frequency, but they also raise 
energy densiJes and the damage potenJal of any remaining events. Recent MIT and CFS studies warn 
that an unmiJgated disrupJon in ARC-class pilot plants could render a plant inoperable for months or 
longer; commercial operaJon requires either essenJally eliminaJng disrupJons or developing near-
perfect predicJon and miJgaJon. (16, 34, 117–118) 

Error fields from manufacturing or misalignment of high-temperature superconducJng coils further 
complicate stability, requiring elaborate error-field correcJon systems and Jght construcJon tolerances. 
(16, 117) None of these challenges is believed to be insurmountable in principle, but they place a large 
physics-plus-control burden on early high-field tokamak designs. 

 

  



Stellarators: Neoclassical Victory, Turbulent Uncertainty (Type One, Proxima) 

Stellarator proponents (Type One Energy, Proxima Fusion) emphasize the key physics advantage of their 
devices: no need for a large plasma current, and therefore no current-driven disrupJons. Wendelstein 7-X 
has experimentally confirmed that carefully opJmized three-dimensional magneJc geometry can 
dramaJcally reduce neoclassical transport losses — a longstanding stellarator weakness. (3–4, 114) 

OpJmizaJon has simply exposed the next layer of physics difficulty: 

1. Turbulent transport. Heat and parJcle losses driven by ion-temperature-gradient and trapped-
electron-mode turbulence remain substanJal and less well understood in 3D geometry than in 
tokamaks. (35–36, 112–113) 

2. Coil and geometry complexity. Achieving the required accuracy in the magneJc field 
configuraJon demands dozens of uniquely shaped, non-planar superconducJng coils 
manufactured and aligned to extremely Jght tolerances. (4, 17) 

3. Blanket space. The twisted geometry leaves limited, highly constrained space for triJum-
breeding blankets and high-power handling systems, complicaJng reactor integraJon. (38) 

W7-X has demonstrated long-pulse, high-performance plasmas, but the leap from an opJmized 
experiment to a reactor that simultaneously solves turbulence, blanket integraJon, maintainability and 
cost remains large. 

 

Magne&zed Target Fusion: General Fusion's Microsecond Window 

General Fusion's magneJzed-target concept places a magneJzed plasma inside a cavity of liquid metal 
and then rapidly compresses that cavity using an array of pistons or drivers. The plasma must remain well-
confined unJl peak compression is reached; any significant mixing of the liner with the fuel quenches the 
burn. (18, 22) 

Peer-reviewed results from the company's Plasma Compression System (PCS) experiments, as 
summarized in company announcements, showed: 

• Density compression by a factor of ~190 
• MagneJc field amplificaJon ~13× 
• Neutron yields of order 6 × 10⁸ n/s 
• Peak ion temperature around 0.63 keV (~7 million °C) 

The compression takes under 80 microseconds, while typical compact-toroid plasmas last just over 100 
microseconds — leaving only a narrow margin between plasma decay and desired burn. (8) Bridging the 
gap from 0.63 keV to the ~10–20 keV needed for viable power, maintaining symmetry, prevenJng liner–
fuel mixing, and repeaJng the process at ~1 Hz without catastrophic wear are all unresolved 
physics-plus-engineering issues that go well beyond what has been published so far. 

 

Iner&al Fusion Energy: Target Physics Meets Manufacturing Reality (Pacific Fusion and Laser IFE) 

Pacific Fusion builds on laser-driven inerJal confinement fusion (ICF) physics, but aims to replace large 
lasers with pulsed-power drivers and introduces pre-magneJzaJon of fuel without sacrificial coils. (23, 33) 
At the target-physics level, laser-class ICF sJll contends with Rayleigh–Taylor and related hydrodynamic 



instabiliJes: small asymmetries at the ablaJon front grow rapidly, mixing cold material into the hot spot 
and spoiling igniJon. (5, 15) 

For energy applicaJons, the dominant feasibility quesJons are: 

• Target repe&&on rate. Commercial plants need 5–16 shots per second, every second, for years. 
(15, 24) 

• Target cost and fabrica&on. Today's high-precision cryogenic or mulJlayer targets cost on the 
order of thousands of dollars each; economic studies indicate that energy applicaJons require 
costs closer to tens of cents per target — a 10,000× reducJon. (10, 19, 24, 116) 

• Injec&on and aiming. Each target must be injected through a hosJle chamber and struck within 
tens of micrometers by driver beams in real Jme, despite blast-wave and debris from previous 
shots. (1, 19, 116) 

Pacific Fusion's claims of achieving 1,000× befer price-performance than NIF will require solving all of 
these issues, not just achieving good single-shot physics on a prototype system. 

 

Z-Pinch: Zap Energy's Sheared-Flow Bet 

Zap Energy's sheared-flow-stabilized Z-pinch is afracJve because it eliminates external magneJc coils: the 
same current that heats and compresses the plasma also provides its confining field. (29–30, 37) 
Classically, Z-pinches are destroyed by sausage and kink instabiliJes on microsecond Jmescales. (26, 29) 
Experiments have shown that strong axial flow shear can suppress these modes, extending stability to 
tens of microseconds and allowing temperatures around 1 keV in cenJmeter-scale columns. (29–30, 110) 

The outstanding quesJons are whether: 

• Sheared-flow stabilizaJon scales to the smaller radii and higher currents needed for reactor-
relevant condiJons before viscosity limits are hit 

• High-Q plasmas can be maintained without external magneJc "backup" if anything perturbs the 
flow profile 

• A pracJcal reactor can repeatedly form and burn such pinches with adequate reliability 

Zap's current FuZE-Q-class devices are designed to probe exactly these quesJons, but from an investor's 
perspecJve the physics extrapolaJon from today's parameters to a commercial reactor remains much 
larger than public communicaJons typically acknowledge. 

 

  



Updated Forward Outlook (March 13, 2026) 

Pathway/Company Near-Term Milestone (6–12 months) Confidence Key Risk 

CFS (SPARC) Complete TF magnet ring; begin systems 
commissioning; target first plasma late 2026 

Medium-
High 

First-of-kind integra=on; commissioning 
delays 

Helion 
(Polaris/Orion) 

Demonstrate net electricity from Polaris; 
advance Orion facility construc=on 

Medium-
Low 

Three consecu=ve missed deadlines; 2028 
MicrosoF PPA at extreme risk 

TAE/Trump Media Close merger mid-2026; finalize Copernicus 
design; announce site 

Low-
Medium 

p-¹¹B physics unresolved; merger execu=on 
risk; likely D–T pivot 

Type One (Infinity) 
Tennessee licensing progress; HTS coil 
manufacturing contracts; Infinity One 
construc=on 

Medium-
High 

Stellarator manufacturing complexity; first-of-
kind prototype risks 

Proxima Fusion 
(Alpha) 

Advance Alpha Alliance industrial contracts; 
site prepara=on in Garching Medium Early-stage; €200M is insufficient for 

construc=on; needs major addi=onal capital 

General Fusion 
(LM26) 

Close SPAC; demonstrate plasma 
compression milestones; target breakeven 
equivalent 

Medium-
Low 

20+ years without breakeven; SPAC 
redemp=on risk; public market pressure 

Pacific Fusion Advance Demonstra=on System design; 
con=nue Sandia experiments 

Low-
Medium 

Extremely early stage; projec=ons far ahead 
of demonstrated results 

ITER Con=nue sector module assembly; central 
solenoid stacking High 

Already delayed to 2033–2034; cost 
overruns; but now running ahead of revised 
schedule 

China (CFEC/ENN) Complete EHL-2 construc=on; con=nue EAST 
experiments; expand CFEC opera=ons 

Medium-
High 

Geopoli=cal access; p-¹¹B faces same 
bremsstrahlung limits as TAE 

 

Strategic Assessment: The Credibility Crucible 

The fusion industry in March 2026 is entering what may be its most consequen&al year — not because 
of any single breakthrough, but because the accumulated weight of promises is about to meet the 
immovable object of physics. 

What's Going Right 

• Hardware is real. CFS is physically assembling a tokamak. Helion has achieved 150M °C with D–T 
fuel. Type One Energy has a licensing applicaJon filed. ITER is ahead of its revised schedule. 
These are not PowerPoint slides — they are steel, superconductors, and plasma. (39, 62, 67, 76) 

• Industrial partnerships are deepening. The convergence of uJliJes (TVA, RWE, Dominion, Eni), 
tech companies (Google, Microsog, NVIDIA), and fusion startups creates insJtuJonal momentum 
that pure research programs never had. (15, 42, 61) 

• Stellarators are emerging as a credible parallel pathway. Type One Energy, Proxima Fusion, and 
others are proving that stellarator commercializaJon is no longer purely academic, backed by 
W7-X physics validaJon and HTS magnet advances. (4, 42, 44, 62) 

  



What Should Concern Everyone 

• The paZern of missed milestones is accelera&ng. Helion's net electricity demonstraJon has 
slipped three Jmes (2024 → 2025 → 2026). CFS's first plasma target has slipped from 2025 to 
late 2026. ITER is 8–9 years behind its original schedule, with costs ballooning from €5 billion to 
over €20 billion. General Fusion has been pursuing magneJzed target fusion for over 20 years 
without achieving breakeven. TAE Technologies, the longest-running private fusion company, has 
operated for nearly 30 years and has never demonstrated net energy. These are not aberraJons 
— they are the norm in first-of-kind fusion development. The industry's own history suggests that 
Jmelines should be mulJplied by a factor of 2–3× from the moment of announcement to actual 
delivery. (8, 48, 69, 77, 98) 

• Public market access before public proof. Three companies are heading to public markets (TAE 
via Trump Media, General Fusion via SPAC, and others exploring IPOs) without having 
demonstrated net energy gain. This creates perverse incenJves and invites comparison to 
previous technology SPAC debacles. (47, 54) 

• The funding math doesn't close. The industry needs approximately $77 billion to reach pilot 
plant stage — 8× what has been raised to date. Even opJmisJc scenarios of conJnued venture 
investment and government support leave a gap measured in tens of billions. (63) 

• Cri&cal unsolved challenges remain formidable. TriJum breeding at scale has never been 
demonstrated, and this is not a minor detail — it is an existenJal prerequisite. Global civilian 
triJum stocks are esJmated at just 25–30 kg, produced primarily as a byproduct of Canada's 
CANDU heavy-water reactors at roughly 2 kg per year. A single commercial fusion reactor startup 
may require 5–14 kg of triJum, and a 3 GW commercial plant would burn approximately 167 kg 
per year during operaJon — the output of hundreds of CANDU reactors. Half of Canada's CANDU 
fleet is due for reJrement this decade, and ITER's planned campaigns will consume a significant 
porJon of remaining supply. The UK and Canada have launched a joint research program to 
address the triJum producJon and processing challenge, but no triJum breeding blanket — the 
technology fusion reactors need to produce their own fuel — has ever been demonstrated at 
reactor-relevant condiJons. If breeding blanket technology does not work as designed, the fusion 
industry faces an existenJal fuel crisis regardless of whether the plasma physics is solved. (86–91) 

Materials degradaJon presents an equally daunJng challenge. The 14.1 MeV neutrons from D–T fusion 
carry approximately four Jmes the energy of the fastest fission neutrons, creaJng qualitaJvely different 
damage in structural materials. These high-energy neutrons cause displacement cascades generaJng 
thousands of atomic vacancies and intersJJals, while transmutaJon reacJons produce helium and 
hydrogen inside the material itself. Helium migrates to grain boundaries forming bubbles that cause 
swelling and embriflement under stress, while hydrogen further embrifles the structure. No facility on 
Earth can currently test materials under sustained 14.1 MeV neutron bombardment at fusion-relevant 
fluences — the IFMIF-DONES neutron source under development in Europe aims to provide this 
capability, but it is years from compleJon. Candidate structural materials (reduced-acJvaJon ferriJc-
martensiJc steels, tungsten alloys, silicon carbide composites) have only been tested under fission-
spectrum neutrons and ion beam surrogates, not under actual fusion condiJons. This means the first 
generaJon of fusion power plants will be materials science experiments as much as energy producers. 
(100, 102–104) 

• Compe&ng energy technologies are not wai&ng. Every year fusion remains pre-commercial, 
solar, wind, baferies, and advanced fission conJnue to improve and deploy. Fusion's ulJmate 
market entry will face far sJffer compeJJon in the 2030s than forecasters assumed in the 2020s. 
(97) 

• Former Obama science advisor John Holdren's assessment remains sobering: "We will not see 
economically compeJJve fusion on the power grid before 2050". While this view is contested by 
industry opJmists, it reflects the physics community's mainstream assessment of the engineering 
challenges ahead. (105) 



The 2026–2028 Verdict 

The next 24 months will render judgments that no amount of capital or press releases can influence: 

• If CFS achieves Q>1 from SPARC by 2027, it validates the compact high-field tokamak pathway 
and proves private fusion can deliver breakeven-scale results faster than ITER. This would be the 
single most important event in fusion history since NIF igniJon. (68) 

• If Helion demonstrates net electricity from Polaris in 2026, it parJally restores credibility to the 
FRC pathway and keeps the Microsog PPA alive (likely in renegoJated form). If Polaris fails to 
achieve net electricity by year-end, the FRC approach enters a credibility crisis. 

• If Type One Energy's Tennessee licensing advances smoothly and construc&on begins, it 
establishes stellarators as a genuine third pathway to commercial fusion, with uJlity-backed 
deployment infrastructure. (62) 

• If none of these milestones are met, the industry faces a potenJal funding contracJon as 
investor paJence — already stretched by missed deadlines, public market scruJny, and federal 
budget uncertainty — reaches its limit. 

BoZom line: The fusion industry has never had more money, more hardware, or more poliJcal afenJon. 
But money, hardware, and afenJon are inputs, not outputs. The output that mafers — sustained, net-
posiJve fusion energy from a device that can be built, maintained, and operated at a cost customers will 
pay — remains undemonstrated. 2026 is the year the industry must begin converJng promises into proof, 
or risk the most damaging outcome of all: not failure, but a slow fade into irrelevance as the energy 
transiJon proceeds without it. 

 

Disclaimer: This analysis represents independent assessment and does not cons4tute investment advice. Forward-looking 
statements reflect the author's analy4cal judgment and are subject to revision as new informa4on becomes available. 
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