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TH E  O F F I C I A L  R E C O R D

What this document is, and how to read its numbers

his is a combined editorial. It gathers, in one volume, the two design studies Kronos Fusion Energy released in 2026 — a compact
spherical-tokamak tritium/helium-3 breeder and a deuterium–helium-3 tandem-mirror generator — together with the intellectual-
property estate, the people, and, in the internal edition, the full commercial case. The scientific text is the same text that appears in

the arXiv preprints and the journal submissions; the editorial adds the apparatus a reader needs to hold the whole program at once, and
nothing in the physics is altered to fit it.

THE HONESTY STANCE IS THE ASSET

Every headline quantity carries an evidence class — DER IV ED  R ECOMPUT ED  MEASUR ED  R EQU I R EMEN T  — and, where
a number is a modelled extrapolation rather than a demonstrated value, it is labelled as such and its downside is shown next to it. Several
quantities in the underlying corpus moved after first publication; where a value has been withdrawn or restated, the record says so plainly.
This is deliberate: a diligence team will find the load-bearing assumptions, so the document surfaces them first.

TWO EDITIONS

This volume is issued in two editions. The public edition (light) carries the physics and the design only — no dollar, price, or per-kilo‐
gram figure appears anywhere in it. The internal edition (dark) adds the economics, the funding architecture, and the defense-commer‐
cial analysis, and is marked Confidential accordingly; it is not for public distribution. Where the commercial case rests on a modelled
assumption rather than a demonstrated one, it is labelled as such and its downside is shown alongside it, on the same terms as the physics.

T ITL E The Kronos Fleet — Hyperion · Aegis · MetroVolt: A Combined Design &

Commercialization Study

AUTH O R Priyanca Ford, Founder & CEO, on behalf of Kronos Fusion Energy

E D IT I O N 2026 Combined Editorial · first issue

C O M PA N I O N  WO R KS The five-paper arXiv drop — (1) Breeder, (2) Burner, (3) REBCO magnet & tape,

(4) Direct Energy Conversion, (5) AI/ML/Quantum control — with matching

numbered Zenodo deposits, plus the IOP journal and IAEA-FEC submissions.

Patents were filed before the drop.

N A M I N G Hyperion = the breeder; Aegis (defense) and MetroVolt (data-center) = one

generator in two housings. Internal mode letters (D1, L) do not appear on public

surfaces.

STATUS Conceptual design & simulation study. Nothing herein is a construction

commitment.

◆
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H OW  TO  R E A D  TH I S  VO LUM E

The fleet at a glance, and the way its numbers are marked

his volume opens with Orientation, presents the five research papers as a bound sequence, and closes with the Apparatus.
Foundations sets out the three general results both machines rest on. Paper One is the Hyperion breeder; Paper Two the Aegis /
MetroVolt generator; Papers Three, Four and Five are the enabling science — high-field REBCO magnets and tape, direct energy

conversion, and the AI / ML / quantum control stack. A Digital Twin & 3-D Model part follows, then the Environmental profile. The
Economics and levelized cost and the Business Case and diligence record appear in the internal edition only; the Simulations proof record
and the Apparatus — patent portfolio, team, limitations, and sources — close both editions.

THE FLEET AT A GLANCE

HYPERION AEGIS METROVOLT

Role Strategic-isotope foundry Defense installation power Campus power

Machine Spherical tokamak Tandem mirror Tandem mirror

Fuel Deuterium–tritium Deuterium–helium-3 Deuterium–helium-3

Delivers Tritium · ³He · 14 MeV n Resilient installation power Firm campus power

Physics bar Fusion gain only Closure (gates named) Closure + lunar ³He

In the fleet Breeds the fuel Proves the generator Commercial destination

HOW THE NUMBERS ARE MARKED

Every headline quantity carries an evidence class — DER IV ED  from first principles, R ECOMPUT ED  from raw data, MEASUR ED

in hardware, or a R EQU I R EMEN T  yet to be met. Financial figures carry a case label and are confined to the internal (confidential)
edition. Values that moved after first publication are shown as withdrawn or restated rather than quietly changed. A capability you can
evaluate is one whose limits are on the page.
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A B S T R A C T

Tandem-Mirror End-Cell and Plug Alternatives for a D–

³He Burner: Kinetic-Stabilizer End-Cells, the Mirror-Ratio–

End-Loss Optimum, and Expander Flux-Expansion Trades

he end cell of a tandem-mirror burner must simultaneously keep the plug plasma micro-stable, set the mirror ratio that trades engi‐
neering gain against axial end loss, and expand the escaping flux tube onto a survivable end wall—and each of these three tasks
admits more than one physical solution. We pose the three problems as a single coupled optimisation for the Aegis deuterium–heli‐

um-3 burner, derive the governing relations, and down-select each lever with a GPU-accelerated computation. First, a one-dimensional
three-velocity ( ) electromagnetic hybrid particle-in-cell (PIC) study of a kinetic-stabilizer end cell shows that an energetic ( )
isotropic ion population injected at a stabilizer fraction  drives the plug anisotropy-driven ion-cyclotron microinstability from a
normalised growth rate  to  and, by , to full suppression, cutting the saturated field-energy amplification
from  to ; a reduced marginal-stability estimate places the threshold at , in agreement with the kinetic result. A cold (

) warm fill of comparable fraction leaves the mode untouched, isolating an energy/velocity-matched resonant-damping mechanism
rather than density dilution. Second, a reduced-order power-balance scan over central-cell mirror ratio –  (on-axis mirror
field – ) finds the engineering gain rising monotonically, , against a nearly linear expander-area and plug-field
penalty; the burner is fixed at the operating point  ( ), where —the frozen burner gain—behind a plug
coil of  peak conductor field, a magnet distinct from the breeder's  centrepost. Third, a field-line expander study shows the
end-wall heat flux obeys , so bringing the  axial end-loss stream through a  throat to the

 end-wall limit requires a throat-area flux expansion . The three levers close on one internally consistent end-cell
design that delivers  with the direct-conversion fraction held at . The single outstanding refinement is a two-dimensional
kinetic confirmation of the stabilizer, which the one-dimensional model cannot supply.

Open-access deposit (code & data, CC  BY  4.0): DOI  10.5281/zenodo.22645939 · Zenodo community kronos_fusion_energy. Explore it
live: interactive 3-D model · physics validator.

Keywords: tandem mirror kinetic stabilizer mirror ratio Pastukhov end loss expander

ion-cyclotron microinstability direct energy conversion helium-3 burner
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N O M E N C L AT U R E

Symbols, units, and the names of things

Q plasma (fusion) gain, Pfus/Paux

QE engineering gain, net electric out / recirculating in

H98 confinement enhancement over the IPB98(y,2) scaling

Zeff effective ion charge

cee electron–electron bremsstrahlung leading coefficient, 2.120022 (exact)

τE energy confinement time

Ip plasma current

R0, a major radius, minor radius

κ, δ elongation, triangularity

βN normalized plasma beta (Troyon-normalized)

TBR tritium breeding ratio

DEC direct energy conversion

CF plant capacity factor (availability)

FOAK / NOAK / BOAK first / nth / best of a kind

Hyperion the ST breeder (internal: Mode D2)

Aegis the generator, defense/installation housing (internal: Mode M)

MetroVolt the generator, data-center housing (Mode M)
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§   1

Introduction

THE END CELL GOVERNS A TANDEM MIRROR

A tandem mirror confines its central-cell plasma electrostatically, between two high-field plug cells that raise an ambipolar potential peak
the central ions cannot climb  [9,10,11]. Everything that decides whether such a machine gains happens in the end cell. The plug must be
magnetohydrodynamically (MHD) and microscopically stable, or the confining potential collapses; the mirror ratio must be high enough
to suppress the Pastukhov axial loss [13,14] but not so high that the plug magnet and the downstream expander become unbuildable; and the
flux that does escape must be spread over enough end-wall area to be cooled. These are three coupled engineering choices, each with
candidate solutions, and this paper down-selects all three for the Aegis burner around its frozen operating point (engineering gain

, neutron fraction , direct-conversion fraction ) [1,2].

PRIOR ART

The tandem mirror is a mature line. Its confinement principle was demonstrated on TMX and TMX-U and on GAMMA-10  [22], and the
thermal-barrier variant of Baldwin and Logan [11] showed how a depressed potential in the plug decouples plug and central-cell electrons to
raise the accessible potential. The axisymmetric-mirror revival—driven by high-temperature-superconductor coils—has restored interest
in simple, MHD-stable mirror ends: the gas-dynamic trap (GDT) line reached record mirror parameters and electron temperatures [20,21],
the Wisconsin HTS Axisymmetric Mirror (WHAM) established a modern physics basis for a high-field axisymmetric plug [19], and Fowler,
Moir and Simonen argued that a kinetic stabilizer can replace the geometric complexity of earlier stable-mirror ends with a much simpler
axisymmetric machine [17,18]. The microstability of anisotropic mirror plasmas—the loss-cone-family drift-cyclotron-loss-cone (DCLC) and
the anisotropy-driven Alfv\'en ion-cyclotron (AIC) branches—has been understood since the finite-length analyses of Post and
Rosenbluth  [16] and was measured directly on 2XIIB, where a warm plasma stream stabilised the loss-cone mode  [23] and an anisotropy-
driven ion-cyclotron mode was identified  [24]. Direct recovery of the escaping end-loss power, rather than its thermal conversion, has an
equally long pedigree in the venetian-blind and plasma direct converters of Moir and Barr [25,26]. Advanced-fuel (D– He) operation, which
the burner adopts to suppress neutrons and enable direct conversion, sets stringent confinement requirements that make the end-cell loss
budget decisive [27,28].

CONTRIBUTION

Against that background, the contribution here is a single, internally consistent end-cell design point for the Aegis burner, in which each of
the three levers is a tested computation rather than an assumption imported from a neighbour. We (i) state the governing relations for the
ambipolar confinement, the anisotropy-driven ion-cyclotron microinstability, the mirror-ratio–gain trade, and the expander flux conserva‐
tion (§3); (ii) describe the GPU-accelerated hybrid-PIC and reduced-order computations that produced the numbers, with their discretisa‐
tion, solver and verification (§4); (iii) report the down-select of the kinetic stabilizer, the mirror-ratio optimum, and the expander floor
(§5); and (iv) show that the three studies close on one design that delivers the frozen burner gain while preserving the direct-conversion
fraction. Where the plug coil (  peak conductor field) and the breeder centrepost ( ) appear together, they are kept explicitly
distinct—two different magnets in two different machines. Throughout we cross-reference the companion physics of the burner's plug
potential, its microstability, its magnet and its direct converter [2,6,7,4,3,5,8].
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§  2

The three end-cell jobs and their acceptance metrics

Figure 1 lays out the end cell: the central cell terminates in a mirror throat and plug, an energetic isotropic population is injected to hold
the plug micro-stable, and the surviving flux tube fans out through the expander onto the end wall or direct converter. The plug parame‐
ters used to score the three jobs are those of the burner plug: on-axis plug field  in the stability study, ion parallel temperature

, temperature anisotropy , and plug density  (a factor  above the central-cell density,
the ratio that sets the ambipolar barrier). The plug coil peak conductor field is —the governing magnet number, engineered sepa‐
rately in the companion structural study  [4], and a different device from the breeder's  centrepost  [1]. Table  1 collects the three
levers, the tested range, the selected point and the de-risking serial.

(Schematic.) End-cell layout of the Aegis burner. The central cell (field , ambipolar confinement) terminates in a mirror throat and plug (
) behind a plug coil of  peak conductor field; an energetic  isotropic kinetic stabilizer at  holds the plug micro-

stable; the surviving flux tube fans out through a  expander onto the end wall / direct converter at the  limit with direct-
conversion fraction . No data values are plotted; the figure encodes structure only.

LEVER TESTED RANGE SELECTED POINT SERIAL

kinetic-stabilizer fraction –  suppressed at AG-CX-03

mirror ratio –  ( – ) knee at  ( ), AG-CX-06

expander flux expansion –  to AG-CX-11

End-cell and plug design levers for the Aegis burner, with the tested range and the selected point. Serials are Physics De-Risking Register

entries [1].
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§  3

Governing equations and the formal problem

AMBIPOLAR CONFINEMENT AND THE MIRROR-RATIO LEVER

The central-cell ions are confined not by the mirror ratio alone but by the electrostatic potential peak the plug raises. With the plug elec‐
trons in Boltzmann equilibrium along the field line, the confining potential drop from central cell to plug is set by the density contrast,

so the plug density  delivers . A plug that cannot hold that density—because a
microinstability degrades it—cannot raise the barrier, which is precisely why plug microstability (§3.2) is a confinement issue and not a
cosmetic one. The population that leaks over the barrier and out the mirror throat is governed by the Pastukhov problem [13]: collisional
scattering into the combined mirror-and-potential loss cone. For a species of temperature  confined by mirror ratio  and potential ,
the collisional confinement time takes the Pastukhov–Cohen form [14]

where  is the ion–ion self-collision time and  is the weak logarithmic mirror factor. The axial end-loss power scales as
, so raising the mirror ratio  lengthens  through  and suppresses . This is the lever of §3.4: mirror

ratio buys confinement and hence gain, but at the cost of a higher plug field and a larger downstream expander.

THE ANISOTROPY-DRIVEN ION-CYCLOTRON MICROINSTABILITY

The plug plasma is strongly mirror-confined and therefore anisotropic, . Perpendicular free energy of this kind drives an
electromagnetic ion-cyclotron (AIC / anisotropy) mode propagating along . Linearising the Vlasov–Maxwell system about a bi-
Maxwellian hot-ion distribution

the parallel-propagating ion-cyclotron dispersion relation is

with  the plasma dispersion function,  the species plasma frequency and  the species cyclotron frequency. The drive is the
anisotropy factor ; the mode is destabilised when the perpendicular free energy exceeds the magnetic and Landau restoring
terms. A convenient reduced marginal-stability condition for the parallel firehose/anisotropy branch is

which at the plug point ( , from , , ) gives an instability margin
: the un-stabilised plug is unstable, as the PIC confirms.

THE KINETIC-STABILIZER MECHANISM

A kinetic stabilizer adds an isotropic energetic ion population at fraction  (isotropic: ), leaving the hot anisotropic fraction .
It quenches the mode by two routes that the reduced model makes explicit. First it lowers the aggregate anisotropy seen by the mode,

so that the marginal condition (5) predicts restabilisation when , i.e.
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Second, and decisively, the stabilizer damps the mode resonantly only if its thermal speed matches the mode phase speed. For the isotropic

 stabilizer the thermal speed is  (with
), so the stabilizer is resonant with the ion-cyclotron mode. A cold  fill of the same fraction

has —far below resonance—and provides only density dilution, which  (5) shows is insufficient.
Equations (7) and the resonance estimate are the analytic content that the PIC of §5 tests directly, and the two agree: suppression sets in
near .

MIRROR RATIO, ENGINEERING GAIN AND THE EXPANDER PENALTY

The engineering gain of the burner is the ratio of recovered electrical power to recirculated power. Writing  for the charged-particle
fusion power,  for the direct-conversion fraction,  for the auxiliary drive and  for the mirror-ratio-dependent axial end
loss that must be re-supplied, a reduced -D power balance gives

so that increasing  suppresses  through the Pastukhov factor (2) and raises . The penalty is geometric and magnetic: the plug
field scales with  at fixed central-cell field, , and the end-loss stream—now more collimated—must be expanded over a
proportionally larger area. The optimisation is therefore

whose interior operating point is the design knee: the marginal gain  is nearly constant while the compounding downstream
penalty (expander tank, conductor stress at the plug throat [4]) grows, so the burner is placed at the frozen  rather than pushed
to an extreme.

EXPANDER FLUX CONSERVATION AND THE END-WALL CONSTRAINT

Whatever leaves the plug is nearly mono-directional, so the only lever on the end-wall load is geometric flux expansion. Conservation of
magnetic flux along the diverging field tube, , means an expansion of the tube area by a factor  drops the field,
and hence the parallel power density, by the same factor. With  the axial power crossing a throat of area , the end-wall heat flux is

an exact inverse law, . Imposing the survivable end-wall limit  inverts to a hard floor on the
expansion,

Below  the wall is over-limit; above it the wall is under-loaded at the cost of a larger expander tank. Equation (11) is the design floor,
and it lands where the mirror-ratio choice (9) already put the expander area, closing the loop between the two studies.
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§  4

Computational methodology: the NVIDIA GPU HPC campaign

All three levers were computed on the Kronos NVIDIA GPU HPC campaign, sharing a single verified numerical stack with the wider

burner de-risking programme  [1]. No cost or resource figures are reported; only the codes, the discretisations and the verification are
described.

THE 1D3V ELECTROMAGNETIC HYBRID PARTICLE-IN-CELL MODEL (AG-CX-03)

The kinetic stabilizer is evaluated with an electromagnetic hybrid PIC in the WarpX framework [29,30], run in its  hybrid-Ohm config‐
uration: kinetic ions on a massless, quasineutral, resistive electron fluid. The ion equations of motion are the relativistic-capable Boris
push

and the electric field is closed by the generalized Ohm's law for the electron fluid,

with , isothermal electrons ( ), resistivity  and hyper-resistivity ; a
density floor at  and the Holmstr\"om vacuum treatment regularise low-density cells. Faraday's law  is
sub-cycled  times per ion step for numerical stability. The hot ions are loaded from the bi-Maxwellian (3) with ; the stabilizer is an
added isotropic  population at fraction . Deuterons carry the campaign proxy mass .

Discretisation. The domain is a periodic line of  cells at  (ion skin depth ), length
, with  macroparticles per cell per species and a time step  (cyclotron period

, ). Each case advances  steps ( ). Four stabilizer fractions
 were run, one per GPU, sharing the build and numerics so the comparison is apples-to-apples.

Growth-rate diagnostic. The transverse magnetic-field energy  is sampled on a field-probe line every  steps.
Because , the growth rate is extracted by sliding a fixed width-  window over the pre-saturation record, fitting  against

, and selecting the steepest window with a clean exponential fit ( ). The reported normalised rate is

the factor  following from  and . The identical algorithm is applied to every fraction, so the relative trend is
robust to the model-dependent absolute normalisation. A mandatory -step smoke test (finite growing transverse ) preceded
every production run.

REDUCED-ORDER MIRROR-RATIO SCAN AND FIELD-LINE EXPANDER INTEGRATION

The mirror-ratio optimum (AG-CX-06) is a -point reduced-order scan of the -D power balance  (8) over –  (hence
–  at fixed central-cell field), with the Pastukhov factor  (2) supplying  and the reduced power balance bench‐

marked against the WHAM operating point and the Pastukhov-plug design-space map of the companion study  [5,19]. The expander floor
(AG-CX-11) is a -point field-line evaluation of the flux-conservation law  (10) over – , carrying the axial power

 through a throat area . Both reduced-order layers, the self-consistency checks and the orchestra‐
tion run on the in-house HPC digital-twin node, so that the fastest analytic loops never contend with the PIC fleet, while the PIC and any
downstream kinetic verification run on the NVIDIA GPU HPC campaign [32].
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VERIFICATION, REPRODUCIBILITY AND PROBLEM SCALE

Three levels of verification support the results. (i) The PIC growth diagnostic uses one algorithm across all fractions, so the  trend is
invariant to the absolute-normalisation caveats of a reduced -D model; the baseline  rate ( , ) reproduces
the plug-microstability gate of the wider campaign  [6]. (ii) The expander law  (10) is verified against its analytic inverse form: the 
sampled points collapse onto the single line  (figure 8), and the floor (11) is recovered to four significant figures (

). (iii) The mirror-ratio scan holds the direct-conversion fraction  within  of  across the full range, confirming that
the gain optimisation does not silently trade away the converter's operating point. All three runs are register anchors—AG-CX-03, AG-CX-
06 and AG-CX-11—in the Kronos Physics De-Risking Register  [1], each with archived logs, and are regenerable from the deposited PIC
inputs, reduced-order scan and field-line model. The PIC problem scale is  macroparticles over  time steps per case, four cases
in parallel on the GPU fleet.
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§  5

Results

KINETIC-STABILIZER SUPPRESSION

The energetic isotropic stabilizer monotonically quenches the plug microinstability (figure 2 a). The normalised growth rate falls

a  reduction by , marginal by , and by  no clean exponential growth window survives. The saturated
field-energy amplification collapses in step, from  the initial level with no stabilizer to ,  and finally  (figure 2 b): the mode
is effectively stabilised within the model. The suppression threshold near  matches the reduced marginal-stability estimate (7),

, so the kinetic result and the analytic condition agree. The design carries  as the selected minimum, with margin to
.

Kinetic-stabilizer end cell (AG-CX-03), from the  hybrid PIC. (a) Normalised growth rate  versus stabilizer fraction ; the mode is
fully suppressed at . (b) Saturated transverse field-energy amplification  (log scale) versus , falling from  to . Both
panels are the same four PIC runs, one per fraction, sharing the build and diagnostic.

The stabilising agent is the energetic, velocity-matched population, not density dilution. Figure 3 overlays the energetic ( , AG-CX-
03) stabilizer against a cold ( , AG-CX-07) warm fill run in the same code with the same diagnostic. The cold fill leaves the growth
rate flat (  across )—it is inert—whereas the energetic population quenches
the mode at comparable fractions. This is exactly the resonance argument of §3.3: the  stabilizer sits at , resonant
with the ion-cyclotron mode, while the  fill at  is far off resonance and can only dilute.
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Energetic versus cold second population. The cold  warm fill (AG-CX-07, blue) leaves  flat; the energetic  isotropic stabilizer
(AG-CX-03, red) quenches the mode and is suppressed by . The contrast isolates energy/velocity-matched resonant damping as the
mechanism.

THE MIRROR-RATIO OPTIMUM

Across the scan –  (on-axis mirror field – ) the engineering gain rises monotonically from  to  (fig‐
ure 4), a marginal gain  per unit mirror ratio that is nearly constant across the range. The required expander area
grows in near-lockstep—by a relative factor , essentially linear in  (figure 5)—while the direct-conversion fraction holds
at  throughout (within ). The gain therefore improves against a penalty (expander area, plug field, conductor stress) that
grows without saturating, so the operating point is an interior knee, not an endpoint. The burner is fixed at

the frozen burner engineering gain, behind a plug coil whose peak conductor field is —the same magnet's governing structural

number at this operating point, with thermal margin  and load fraction  in the companion structural analysis [4,1].
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Mirror-ratio  end-loss optimum (AG-CX-06). Engineering gain  versus central-cell mirror ratio  (top axis: on-axis mirror field ).
The design knee (red) sits at , , —the frozen burner point.
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The mirror-ratio penalty (AG-CX-06). The required expander area (purple, relative) grows nearly linearly with —close to the linear reference

(grey dotted)—while the direct-conversion fraction  (green) holds at  across the scan. The design knee at  is marked.

The trade is made quantitative by the gain-versus-penalty Pareto of figure 6: engineering gain plotted against the expander-area penalty,
coloured by . Each increment of gain past the knee costs a fixed and growing slab of expander area and plug field, so the knee at

 is the point beyond which the marginal return no longer justifies the compounding downstream cost.
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Gain-versus-penalty Pareto (AG-CX-06). Engineering gain  against the relative expander-area penalty, coloured by mirror ratio ; the

design knee ( ) is the red star. Gain rises with diminishing return against a penalty that grows without saturating.

THE EXPANDER FLOOR

The end-wall heat flux obeys the inverse law  (10) exactly. Scanning the flux expansion –  (figure  7), the flux falls from
 at  through the  end-wall limit at

the design floor. Below it the wall is over-limit; above it the wall is under-loaded at the expense of a larger expander tank. The inverse-law
form is verified directly in figure  8: plotting  against  collapses all  samples onto the single straight line of slope ,
confirming  and recovering the floor to four significant figures. The expansion floor is set here for a  throat carrying
the  axial end-loss power, and it is consistent with the expander area implied independently by the mirror-ratio knee (§5.2), clos‐
ing the loop between the two studies.
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Expander flux-expansion floor (AG-CX-11). End-wall heat flux  versus throat-area flux expansion  (log axis); the  limit (red

dashed) is reached at  (purple), the design floor. Shading marks the over-limit region.
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Verification of the inverse law (AG-CX-11). Plotting  against  collapses the  field-line samples onto the single line
 (red), confirming . Inset values are the throat power and area that set the slope and floor.
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THE INTEGRATED END-CELL DESIGN AND TWO DISTINCT MAGNETS

The three levers define one coherent end cell (table  2). A kinetic stabilizer at  holds the plug micro-stable; a mirror ratio
 behind a plug coil of  peak conductor field puts the burner at the gain knee ; and a  expander

brings the end-loss stream to the  wall limit. The direct-conversion fraction of  that the downstream converter
assumes [3] is preserved across the mirror-ratio choice, so the end-cell and direct-energy-converter designs are mutually consistent. Every
number is a tested point on its own study, not an assumption imported from another.

The magnets must not be conflated. Figure 9 separates the three field quantities that appear in this paper: the burner plug coil at 
peak conductor field, the burner on-axis mirror field  at the knee, and the breeder centrepost at  peak conductor field—two
different magnets in two different machines, plus the plasma-region field of the burner. The plug coil is a discrete high-field solenoid engi‐
neered in the companion structural study [4]; the breeder centrepost is the spherical-tokamak breeder's toroidal-field return, a wholly sepa‐
rate device [1].

Two distinct magnets, correctly separated. The burner plug coil peak conductor field ( ), the burner on-axis mirror field at the knee (
), and the breeder centrepost peak conductor field ( ). The  plug coil and the  centrepost are different magnets in different
machines.
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QUANTITY VALUE GOVERNING RELATION SERIAL

stabilizer fraction (min.) eq. (7), (14) AG-CX-03

plug microinstability  suppressed eq. (4) AG-CX-03

mirror ratio eq. (8), (9) AG-CX-06

on-axis mirror field AG-CX-06

engineering gain  (frozen) eq. (8) AG-CX-06

direct-conversion fraction  (held) eq. (8) AG-CX-06

expander flux expansion eq. (11) AG-CX-11

end-wall heat flux eq. (10) AG-CX-11

plug coil peak field structural [4] —

The integrated Aegis end-cell design point, with the governing equation and the de-risking serial for each quantity.
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§  6

Discussion

THREE COUPLED OPTIMA

The end-cell down-select is a study in coupled optima of three distinct mathematical types. Stability is a threshold: once  clears the
marginal condition  (7) near  the mode is gone, and there is no return on overspending the stabilizer beam. The mirror ratio is a
genuine trade with a knee: gain rises with diminishing return (8) against a penalty (9) that grows without saturating, and the burner is
placed on the trade at the frozen  rather than at an extreme. The expander is a hard floor set by a wall limit (11), and it lands
where the mirror-ratio choice already put the expander area. That the three studies reinforce one another—the stabilizer holds the density
that raises the potential that the mirror ratio then exploits, and the expander area agrees between two independent derivations—is the
signature of a consistent design rather than three separately tuned knobs.

AGAINST THE PUBLISHED BENCHMARKS

The individual numbers sit comfortably in the mirror-fusion literature. The suppression of an anisotropy-driven ion-cyclotron mode by an
energetic isotropic population is the microscopic analogue of the warm-stream stabilisation measured on 2XIIB, where a modest warm

plasma quenched the loss-cone mode  [23,24]; the key quantitative distinction we draw—that the stabiliser must be energetic (velocity-
matched, ) rather than merely dense—is consistent with the resonance physics of the ion-cyclotron branch  [16]. The marginal
fraction  is a concrete, testable prediction that both the PIC (14) and the reduced threshold (7) return independently. The mirror-
ratio optimum is anchored to the modern axisymmetric-mirror operating window: the on-axis mirror field of  at  is within
the field envelope demonstrated by HTS axisymmetric plugs  [19,20], and the engineering-gain trend reproduces the design-space map

benchmarked against WHAM in the companion study  [5]. The kinetic-stabilizer route itself is the one advocated by Fowler, Moir and
Simonen as the path to a simpler axisymmetric tandem mirror  [17,18]. The expander floor of  is a geometric consequence of the

 end-wall limit and the  axial stream, well within the flux-expansion factors contemplated for mirror end tanks [15],
and it feeds the direct converter whose recovery physics is treated separately [3,25].

WHY THE PLUG POTENTIAL DEPENDS ON MICROSTABILITY

The through-line of the three studies is equation (1): the ambipolar barrier depends logarithmically on the plug density, so a micro-unsta‐
ble plug that cannot hold  cannot raise the potential the central cell needs. The kinetic stabilizer is therefore not an isolated
fix but the enabler of the confinement that the mirror-ratio lever then optimises—and the sloshing-ion and thermal-barrier physics that
shape the same potential are treated in the companion plug studies [7]. The three levers are one problem seen from three sides.
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§  7

Limitations

The one honest gate is dimensionality. The stabilizer growth rates are from a  electromagnetic hybrid PIC, which resolves the paral‐
lel-propagating anisotropy microstability channel but not the full two-dimensional plug geometry, and in particular it cannot represent the
good-curvature MHD interchange/ballooning role that a kinetic stabilizer also plays in a real tandem mirror. What is demonstrated here is
narrower and stated as such: an added energetic isotropic population quenches the plug ion-cyclotron/anisotropy microinstability, with a
threshold near  that the reduced marginal condition (7) independently predicts. A two-dimensional kinetic confirmation of the
suppression—and of the MHD role—is the single open refinement; it is a strengthening of an already monotonic and complete -D result,
not a reopening of it. The absolute growth-rate magnitudes are model-dependent lower bounds (finite resistivity, coarse , single seed),
while the relative  trend, computed with identical numerics across the four runs, is the robust deliverable.
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§  8

Conclusion

The Aegis burner's end cell is fixed by three tested levers that close on one design. A kinetic stabilizer at  suppresses the plug
microinstability (growth  suppressed, amplitude ), and the suppression threshold agrees with
the reduced marginal-stability estimate ; the stabilising mechanism is energy/velocity-matched resonant damping (

), not density dilution, as the contrast with a cold fill establishes. A mirror ratio —on-axis field  behind a
 plug coil, distinct from the breeder's  centrepost—sits at the gain knee , where gain rises with diminishing

return against a nearly linear expander-area and plug-field penalty. And a  expander brings the  end-loss stream to the
 wall limit through the exact inverse law . The three define one consistent end-cell design that delivers the frozen

burner gain with the direct-conversion fraction held at , and a two-dimensional kinetic check of the stabilizer is the only refinement
outstanding.
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The patent portfolio

he estate spans a granted high-field magnet patent, pending utility and 2026 provisional filings that map to the two products, a digi‐
tal-twin control provisional, a registered trademark application, and the original 2022 provisional family. Every patentable disclo‐
sure in the five-paper arXiv drop was protected before publication: the breeder and burner provisionals were filed 1–2 August, and

a publication-gap omnibus filing the evening before the drop swept up the DEC, plasma-control, and REBCO-winding matter of the three
otherwise-unprotected papers. Patent numbers and application serials are matters of public record; claim scope is summarised, not
reproduced.

GRANTED & PENDING UTILITY

US 12,009,112 High-field tilted graded-REBCO magnet architecture (KRONO-002A) · app. 17/878,550 GRANTED

US 17/878,507 Core device / method (KRONO-001A) · utility PENDING

2026 PROVISIONAL FILINGS — MAPPED TO THE PRODUCTS

64/124,209 Hyperion — spherical-tokamak tritium / helium-3 foundry · breeder · filed Aug 2026 FILED

64/124,220 Aegis / MetroVolt — synchrotron-cutoff, fuel-selection & plug-winding · generator · filed Aug 2026 FILED

64/115,167 KRONOS-CTRL digital-twin plant control · provisional · filed Jul 2026 FILED

64/005,440 Integrated spherical-tokamak fusion architecture · early integrated-architecture filing · filed Mar 2026 FILED

64/105,530 Negative-triangularity spherical-tokamak architecture · foundational ST filing · filed Jul 2026 FILED

64/128,097 Publication-gap omnibus — quasineutral two-species expander DEC · provenance-gated / latency-split plasma
control · as-built high-field winding & conductor architecture · filed 7 Aug 2026, the evening before the arXiv drop

FILED

TRADEMARK & ORIGIN

FTK-98801894 Kronos Fusion Energy — trademark application FILED

KR-2022-* Original provisional family (KR-2022-00001 … 00027) · 27 filings, 2022 PRIORITY

The narrow, defensible magnet novelty — the specific conductor and the digital-twin winding optimisation, not high-field REBCO as a
category — is the commercial core that can earn ahead of any Q > 1 milestone, with markets in fusion magnet supply, MRI/NMR, accelera‐
tors, and proton therapy. The claim is scoped honestly: the high field is a system field result, not a stand-alone-coil record; the small-bore
plug coil is structurally infeasible as a bare winding but resolved by a stress-managed structural shield (feasible-pending-FEA); and the
winding-tape experiment returned a null result. The value is the method, not a field record.

25
I NTE L L E CTUA L  P R O P E RTY  ·  TH E  PATE NT  P O RT F O L I O



K R O N O S  F U S I O N  E N E R G Y A P P A R A T U S

K

TH E  T E A M

Founding partners, board, advisors & auditors

ronos is built by a bench of advanced-fuel-fusion, high-field-magnet, direct-conversion, and materials specialists, with a board and
operations team drawn from defense, national laboratories, and industry. Dates are shown as ranges; where a tenure has ended or
is term-ending, the range says so.

FOUNDING PARTNERS — SCIENCE

Dr. Gerald Kulcinski
Co-Founder · Helium-3 & Advanced-Fuel Fusion
UW–Madison · 2023–Present

Dr. Carl Weggel
Chief Scientist / S.M.A.R.T. Design
MIT Alcator Program · 2022–Present

Dr. Robert J. Weggel
Magnetic Field Design
MIT Magnet Lab · 2022–Present

BOARD

Priyanca Ford
Founder & CEO · Executive Board
2022–Present

Bandel Carano
Finance / Strategy
Oak Investment Partners / Stanford · 2025–2026

Patrick Schweiger
Fusion Device Engineering
Oklo / CFS / TerraPower · 2025–Present

SCIENTIFIC ADVISORS

Dr. Steven O. Dean
Fusion Policy & History
DOE / Fusion Power Associates · 2025–Present

Dr. Patrick H. Diamond
Plasma Turbulence & Transport
UC San Diego · 2025–Present

Dr. Jack J. Dongarra
HPC & Numerical Algorithms
Turing Award · 2025–Present

Dr. Nasr M. Ghoniem
Chief Material Scientist
UCLA · 2025–Present

Dr. Siegfried Glenzer
Plasma Physics & Laser Fusion
Stanford / SLAC · 2022–Present

Dr. David A. Hammer
Pulsed-Power Fusion
Cornell · 2025–Present

Dr. Donald A. Spong
Plasma Theory & Confinement
ORNL · 2025–Present

Dr. Curtis Smith
Risk Assessment & Nuclear PRA
MIT / Idaho National Lab · 2025–Present

RADM (Ret.) David Goggins
Naval Engineering & Power-Plant Design
U.S. Navy · 2023–2026

Dr. Konstantin Batygin
Mathematician
Caltech · 2022–2025

26
TH E  TE A M  ·  F OUN D I N G  PA RTN E R S ,  B O A R D ,  A DV I S O R S  &  AUD ITO R S



K R O N O S  F U S I O N  E N E R G Y A P P A R A T U S

Dr. Ruben Fair
Magnet Design / ITER Liaison
PPPL / Jefferson Lab · 2022–2025

Dr. Paul S. Weiss
Materials & Nanotechnology
UCLA · 2022–2025

SCIENTIFIC AUDITORS

Dr. Wilfred A. Cooper
Plasma Equilibrium Theory
EPFL / Swiss Plasma Center · 2025–Present

Dr. Ahmed Hassanein
Plasma–Material Interactions
Purdue / Argonne · 2025–Present

Dr. Patrick E. Hopkins
Extreme Thermal Materials
U. of Virginia · 2025–Present

Dr. Peter Hosemann
Materials Joining & Structural Integrity
UC Berkeley · 2025–Present

Dr. Travis W. Knight
Advanced Nuclear Fuels & Systems
U. of South Carolina · 2025–Present

Dr. Philippe Lebrun
Cryogenics & Magnet Cooling
CERN · 2025–Present

Dr. Nitendra Singh
Nuclear Safety & Fuel Cycle
ITER · 2025–Present

Dr. Guido Van Oost
Magnetic Confinement & Fusion Systems
Ghent University · 2025–Present

Dr. Gary S. Was
Radiation Materials & Structural Integrity
U. of Michigan · 2025–Present

Dr. Ray Sedwick
Direct Energy Conversion
U. of Maryland · 2025

OPERATIONS

Michael Laughlin
Chief Operating Officer
2022–Present

Martin Owens
Chief Strategy Officer
LANL / GE Hitachi · 2022–Present

MG (Ret.) Paul Pardew
Chief Contracting Officer
Army Contracting Command · 2022–Present

David Beck
Fusion Commercialization
U.S. Space Force · 2024–Present

Sushma Bhatia
Environmental & Legislative
Google · 2022–Present

Michael De Frenza
Technology Licensing
2023–Present

MG (Ret.) Robin L. Fontes
Cybersecurity & Defense
Army Cyber Command · 2022–Present

Vijay Gehani
Supply Chain & Components
INOX India · 2024–Present

Jon Michel Greenwood
IT & AI Infrastructure
Live Nation · 2023–Present

Brian C. O'Neill
National Security
CIA / ODNI · 2022–Present

Gen. (Ret.) Gustave F. Perna
DoD Liaison
Operation Warp Speed · 2022–2023

Andrea Romero
Marketing Lead
2022–Present

Legal counsel is retained; those roles are held on the internal roster and are not listed here.

27
TH E  TE A M  ·  F OUN D I N G  PA RTN E R S ,  B O A R D ,  A DV I S O R S  &  AUD ITO R S



K R O N O S  F U S I O N  E N E R G Y A P P A R A T U S

S OU R C E S

References

1 P I Ford, The Physics De-Risking Register: Gate-by-Gate Evidence Across a Compact Spherical-Tokamak Breeder and Its D– He

Tandem-Mirror Burners, Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22133057;
https://www.kronosfusionenergy.com/publications/de-risking-register

2 P I Ford and G L Kulcinski, The Aegis Forward-Base Burner:  Closure, Plug Requirement, and Mirror Confinement in an
Islanded Low-Neutron D– He Tandem Mirror, Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22645693;

https://www.kronosfusionenergy.com/publications/aegis-burner.html

3 P I Ford, Direct Energy Conversion for a D– He Tandem-Mirror Burner: Recovering Charged-Particle Power Directly Without a
Thermal Cycle, Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22645700;

https://www.kronosfusionenergy.com/publications/direct-energy-conversion.html

4 P I Ford, R J Weggel and C Weggel, Engineering the 26.49 T Plug Coil of a D– He Tandem-Mirror Burner: Three-Dimensional

Structural FEA, No-Insulation REBCO Quench Margin and Throat-Conductor Stress, Kronos Fusion Energy 2026 series.
doi:10.5281/zenodo.22645915; https://www.kronosfusionenergy.com/publications/engineering-the-26-49-t-plug-coil-of-a-d-he-

tandem-mirr.html

5 P I Ford, Tandem-Mirror Design-Space Mapping for a D– He Burner: 0-D Power Balance Benchmarked against WHAM and the
Pastukhov-Plug Operating Point, Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22645911;

https://www.kronosfusionenergy.com/publications/tandem-mirror-design-space-mapping-for-a-d-he-burner-0-.html

6 P I Ford, Velocity-Space Microstability at the DCLC Knee: Warm-Fill Requirements and Residual AIC Activity in a D– He Tandem-

Mirror Burner, Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22645714;

https://www.kronosfusionenergy.com/publications/dclc-loss-cone-microstability.html

7 P I Ford, Sloshing-Ion Ambipolar-Potential Formation in a D– He Tandem-Mirror Burner: The Density-Ratio–Potential Pareto

and Non-Maxwellian Tail Control, Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22645913;
https://www.kronosfusionenergy.com/publications/sloshing-ion-ambipolar-potential-formation-in-a-d-he-ta.html

8 P I Ford, End-Cell, Expander, and Halo Physics in a D– He Tandem-Mirror Burner: The Mirror Ends That Set the Loss Budget,

Kronos Fusion Energy 2026 series. doi:10.5281/zenodo.22645852; https://www.kronosfusionenergy.com/publications/end-cell-
expander-and-halo-physics-in-a-d-3he-tandem-mi.html

9 G I Dimov, V V Zakaidakov and M E Kishinevsky, Thermal-barrier / ambipolar (tandem) mirror trap, Sov. J. Plasma Phys. 2 326
(1976).

10 T K Fowler and B G Logan, The tandem mirror reactor, Comments Plasma Phys. Control. Fusion 2 167 (1977).

11 D E Baldwin and B G Logan, Improved tandem mirror fusion reactor, Phys. Rev. Lett. 43 1318 (1979).
doi:10.1103/PhysRevLett.43.1318

12 D E Baldwin, End-loss processes from a mirror machine, Rev. Mod. Phys. 49 317 (1977).

13 V P Pastukhov, Collisional losses of electrons from an adiabatic trap in a plasma with a positive potential, Nucl. Fusion 14 3 (1974).

doi:10.1088/0029-5515/14/1/001

14 R H Cohen, M E Rensink, T A Cutler and A A Mirin, Collisional loss of electrostatically confined species in a magnetic mirror, Nucl.
Fusion 18 1229 (1978).

15 R F Post, The magnetic mirror approach to fusion, Nucl. Fusion 27 1579 (1987). doi:10.1088/0029-5515/27/10/001

16 R F Post and M N Rosenbluth, Electrostatic instabilities in finite mirror-confined plasmas, Phys. Fluids 9 730 (1966).

17 T K Fowler, R W Moir and T C Simonen, A new simpler way to obtain high fusion power gain in tandem mirrors, Nucl. Fusion 57

056014 (2017). doi:10.1088/1741-4326/aa5e54

18 D D Ryutov, H L Berk, B I Cohen, A W Molvik and T C Simonen, Magneto-hydrodynamically stable axisymmetric mirrors, Phys.

Plasmas 18 092301 (2011).

19 D Endrizzi et al Physics basis for the Wisconsin HTS Axisymmetric Mirror (WHAM) J Plasma Phys 89 975890501 (2023)
28

S OUR C E S  ·  R E F E R E N C E S

https://doi.org/10.5281/zenodo.22133057
https://www.kronosfusionenergy.com/publications/de-risking-register
https://doi.org/10.5281/zenodo.22645693
https://www.kronosfusionenergy.com/publications/aegis-burner.html
https://doi.org/10.5281/zenodo.22645700
https://www.kronosfusionenergy.com/publications/direct-energy-conversion.html
https://doi.org/10.5281/zenodo.22645915
https://www.kronosfusionenergy.com/publications/engineering-the-26-49-t-plug-coil-of-a-d-he-tandem-mirr.html
https://www.kronosfusionenergy.com/publications/engineering-the-26-49-t-plug-coil-of-a-d-he-tandem-mirr.html
https://doi.org/10.5281/zenodo.22645911
https://www.kronosfusionenergy.com/publications/tandem-mirror-design-space-mapping-for-a-d-he-burner-0-.html
https://doi.org/10.5281/zenodo.22645714
https://www.kronosfusionenergy.com/publications/dclc-loss-cone-microstability.html
https://doi.org/10.5281/zenodo.22645913
https://www.kronosfusionenergy.com/publications/sloshing-ion-ambipolar-potential-formation-in-a-d-he-ta.html
https://doi.org/10.5281/zenodo.22645852
https://www.kronosfusionenergy.com/publications/end-cell-expander-and-halo-physics-in-a-d-3he-tandem-mi.html
https://www.kronosfusionenergy.com/publications/end-cell-expander-and-halo-physics-in-a-d-3he-tandem-mi.html
https://doi.org/10.1103/PhysRevLett.43.1318
https://doi.org/10.1088/0029-5515/14/1/001
https://doi.org/10.1088/0029-5515/27/10/001
https://doi.org/10.1088/1741-4326/aa5e54


K R O N O S  F U S I O N  E N E R G Y A P P A R A T U S

C O L O P H O N

How this document was made

The Kronos Fleet — Combined Editorial, 2026 is set in Fraunces (display), Gelasio (text), and

IBM Plex Mono (data & equations), carried forward from the Kronos editorial design system.

The figures are rendered at 300 dpi from the deposited generator scripts; the document is

composed as a single self-contained file with embedded fonts and imagery, paginated to

US Letter, and rendered to PDF through a headless Chromium engine in matched light and dark

editions.

Every headline quantity carries an evidence class; withdrawn and restated values are marked as

such. Nothing herein is frozen beyond the founder-approved Tier-A set.

Explore it live — turn the interactive 3-D model, run the deposited solvers in the physics

validator, and watch the companion film series.

◆

29
C O L O P H O N  ·  H OW  TH I S  D O CUM E NT  WA S  M A D E

https://kronosfusionenergy.com/3D_Model
https://kronosfusionenergy.com/physics_Validation_Simulation
https://kronosfusionenergy.com/physics_Validation_Simulation
https://www.youtube.com/playlist?list=PLK7X4NzfmaAQ


K R O N O S  F U S I O N  E N E R G Y A P P A R A T U S

L E G A L  N O T I C E

Notice, status, and distribution

Conceptual design & simulation study. This document reports a conceptual design and simulation study. It is not a construction
commitment, a safety-analysis report, a regulatory filing, or an offer of securities. Forward-looking statements — schedules, costs, market
sizes, and performance — are estimates subject to the limitations set out in the Simulations part and may change.

Numbers and their classes. Quantities are reported with evidence classes and case labels; modelled, assumed, and requirement-class
values are identified as such and are not to be quoted without their labels.

Public edition. This edition carries the physics and design only; all financial, funding, and defense-commercial content has been
removed for public distribution. The scientific text corresponds to the arXiv and journal submissions.

© 2026 Kronos Fusion Energy. All rights reserved. Hyperion, Aegis, and MetroVolt are product designations of Kronos Fusion Energy.

◆

30
L E G A L  N OT I C E  ·  N OT I C E ,  STATUS ,  A N D  D I STR I BUT I O N



K R O N O S  F U S I O N  E N E R G Y A P P A R A T U S

T

TH E  2026  K R O N O S  S E R I E S

One programme, many papers

his editorial is one paper in the Kronos 2026 series — a real fusion company’s complete, reproducible physics record for a spherical-
tokamak breeder and its low-neutron D–³He tandem-mirror burners. Every headline number is a frozen anchor in the Physics De-
Risking Register.

Explore the whole programme: the De-Risking Register, the interactive 3-D model, and the physics validator.

31
TH E  2026  K R O N O S  S E R I E S  ·  O N E  P R O G R A M M E ,  M A NY  PA P E R S

https://kronosfusionenergy.com/publications/de-risking-register
https://kronosfusionenergy.com/3D_Model
https://kronosfusionenergy.com/physics_Validation_Simulation


K R O N O S   F U S I O N   E N E R G Y

Tandem-Mirror End-Cell and Plug
Alternatives for a D–³He Burner:

Kinetic-Stabilizer End-Cells, the Mirror-
Ratio–End-Loss Optimum, and

Expander Flux-Expansion Trades
A real fusion company building real machines. Explore the science, live.

Zenodo · doi:10.5281/zenodo.22645939

Read on kronosfusionenergy.com

The Physics De-Risking Register

© 2026 KRONOS FUSION ENERGY · FAMILY-OWNED AMERICAN COMPANY PAPER 2.60

https://doi.org/10.5281/zenodo.22645939
https://www.kronosfusionenergy.com/publications/tandem-mirror-end-cell-and-plug-alternatives-for-a-d-he.html
https://kronosfusionenergy.com/publications/de-risking-register

