
THE REALITY GAP
An Orrerie publication

FLAGSHIP  ·  FLAGSHIP DEEP-DIVE  ·  TAC-0002  ·  2026-06-12

Warp  Drive  vs.  Physics:  FTL  in  Fiction
and Fact
What the warp canon promised, what general relativity actually permits, and the
size of the gap

The Reality Gap — Research Desk
Coverage: The Reality Gap

ABSTRACT
Can the warp drives of science fiction be reconciled with known physics, and how far is the real frontier from
the  fictional  one?  This  report  benchmarks  the  FTL  canon  —  Star  Trek's  warp,  Star  Wars'  hyperspace,  the
Alcubierre-drive  trope  —  against  the  peer-reviewed  general-relativity  literature,  then  against  the  fastest
hardware  humans  have  actually  flown.  The  method  is  comparative:  tabulate  each  concept's  required  speed,
energy, and exotic-matter dependence, then locate the real state of the art. The finding is a reality gap of order
10⁸.  Humanity's  fastest  object,  NASA's  Parker  Solar  Probe,  reached  192  km/s  in  December  2024  —  about
0.064% of light speed [1]. The most credible near-term interstellar concept, Breakthrough Starshot, targeted
0.2c  but  is  on  indefinite  hold  [2].  Meanwhile  the  original  Alcubierre  warp  metric  demanded  negative
("exotic")  energy of  order a  Jupiter  mass or  more [3][4],  and every 2021–2024 "physical  warp drive"  paper
that removed the exotic-matter requirement did so only by abandoning faster-than-light travel [5][6][7]. The
strategic implication: FTL is not an engineering problem on any visible horizon; the investable surface is the
sub-0.001c propulsion economy.

Keywords:  warp  drive,  Alcubierre  metric,  faster-than-light,  exotic  matter,  negative  energy,  wormhole,  Breakthrough
Starshot, Parker Solar Probe, interstellar travel, general relativity, Bobrick-Martire, Star Trek
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Executive Summary
Science fiction solved interstellar travel in a single conceptual move: make the ship go faster than light.
Star Trek warps at multiples of c; Star Wars jumps to hyperspace; countless franchises borrow some
version of the same magic. Real physics permits no such move — special relativity makes c a hard wall
for  any  object  with  mass,  and  the  energy  to  merely  approach  it  diverges  to  infinity.  The  interesting
question is not whether the canon is "wrong" (it is, deliberately) but whether general relativity leaves
any loophole, and how far the real frontier sits from the imagined one.

The loophole exists on paper. In 1994 Miguel Alcubierre showed that one can write a valid solution of
Einstein's  field  equations  in  which  a  flat  "bubble"  of  spacetime  is  carried  faster  than  light  by
contracting  space  ahead  and  expanding  it  behind  —  the  ship  never  locally  exceeds  c,  so  special
relativity  is  not  violated  [3].  The  catch  is  the  source  term:  the  metric  requires  a  region  of  negative
energy density — "exotic matter" no laboratory has ever produced in bulk — and the original estimates
put the required amount at a Jupiter mass or more of negative energy [3][4].

Three decades of work has chipped at that bill but never cleared it. The headline 2021–2024 results —
Bobrick & Martire, Lentz, Fuchs/Helmerich/Bobrick at Applied Physics — all build warp metrics from
positive energy that satisfy the classical energy conditions, but every one of them is subluminal: they
describe  a  self-contained  "warp  bubble"  that  still  cannot  exceed  c  [5][6][7].  The  exotic-matter
requirement and the faster-than-light  requirement have proven to be the same requirement wearing
two hats. Remove one and you remove the other.

Against that, the real hardware is sobering. The fastest object humans have ever built, NASA's Parker
Solar Probe, hit 192 km/s (692,000 km/h) at perihelion on 24 December 2024 — roughly 0.064% of c
[1].  Voyager  1,  the  most  distant  probe,  recedes  at  about  17  km/s  and  in  late  2026  becomes  the  first
object  one  full  light-day  from  Earth,  after  49  years  of  flight  [8].  The  boldest  funded  interstellar
concept, Breakthrough Starshot, aimed for 0.2c using ground-laser-driven lightsails — but reporting in
2025 places the program on indefinite hold [2].

BOTTOM LINE:

The reality gap between fictional FTL and real propulsion is of order 10⁸ in speed. Warp drive is not a
hard engineering problem awaiting a breakthrough; it is a physics problem with no demonstrated
path. Every peer-reviewed "physical warp drive" since 2021 bought physical plausibility by giving up
the faster-than-light part. The investable surface is sub-0.001c chemical, electric, and beamed
propulsion — not warp.

1.  Context and Scope
This  report  sits  at  the  intersection  of  two  of  our  coverage  domains:  space  travel,  FTL  and
colonization vs. real spaceflight, and materials, weapons and infrastructure of fiction vs.
fact. The question is narrow and answerable: benchmark the canonical FTL devices of science fiction
against (a) the peer-reviewed general-relativity literature on warp metrics and wormholes, and (b) the
measured performance of real propulsion, and quantify the gap.

In  scope:  the  special-relativity  speed  limit;  the  Alcubierre  metric  and  its  energy  bill;  the  2021–2024
"physical warp drive" papers; traversable wormholes; and the real fastest-propulsion frontier (Parker,
Voyager,  and  beamed-sail  concepts  such  as  Breakthrough  Starshot).  Out  of  scope:
quantum-entanglement  "communication"  myths,  tachyons  as  literal  vehicles,  and  speculative
quantum-gravity regimes with no worked spacetime solution.
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A  definitional  note  used  throughout:  FTL  here  means  transporting  a  macroscopic  payload  between
two  points  faster  than  a  light  signal  could  travel  between  them  in  flat  spacetime.  By  that  test,  The
Expanse's Epstein drive is not FTL — it is a continuous-burn fusion torch that never approaches c [9]
— and is treated as the "hard SF" control case rather than a warp concept.

2.  The Science-Fiction Canon: What FTL Was Promised to Be
The fictional treatments cluster into three families, each making a different (implicit) physics claim.

Warp drive (Star Trek).  A ship generates a "subspace" field that warps the local metric,  letting it
traverse interstellar distances in hours to days. Warp factors map (non-linearly, in the Trek technical
manuals)  to  multiples  of  c:  warp  1  is  c,  higher  factors  are  large  multiples.  The  dramatic  conceit  —
distort  space  rather  than  move  through  it  —  is,  remarkably,  the  same  intuition  Alcubierre  later
formalized. The fiction simply omits the source term.

Hyperspace  /  jump  drive  (Star  Wars,  Battlestar  Galactica,  Dune).  The  ship  leaves  normal
space  entirely,  transits  a  separate  higher-dimensional  manifold  where  distances  are  shorter  (or
instantaneous), and re-emerges elsewhere. This has no worked general-relativity analog; it is closest in
spirit  to  a  wormhole  (a  shortcut  through  a  connected  geometry)  but  typically  depicted  as  a  parallel
medium with no defined metric.

Continuous-burn  fusion  torch  (The  Expanse).  Deliberately  not  FTL.  The  Epstein  drive  is  a
high-thrust,  high-exhaust-velocity  fusion  rocket  that  accelerates  for  the  whole  voyage,  flips  at
midpoint, and decelerates — Newtonian mechanics throughout, fuelled by deuterium fusion at roughly
90 TJ/kg of fuel [9]. It is the canon's most physically honest engine and a useful upper bound on what
known physics might someday allow within the Solar System.

Fiction Mechanism (as depicted) Implied top speed FTL?
Closest real-physics

analog

*Star Trek* warp
Subspace field distorts the metric;

ship rides a bubble

Multiples of c (warp

factors)
Yes

Alcubierre /

Bobrick-Martire warp

metric

*Star Wars*

hyperspace

Jump into a separate higher-D

manifold

Effectively

instantaneous
Yes

Wormhole / no worked

metric

*Dune* (Holtzman

/ foldspace)
"Fold space," travel without moving Instantaneous Yes Wormhole analogy only

*Battlestar

Galactica* FTL

jump

Discrete spatial jump Instantaneous hops Yes Wormhole analogy only

*The Expanse*

Epstein drive
Continuous-burn fusion torch

<< c (sustained

g-level burn) [9]
**No**

Fusion / torch propulsion

(aspirational)

3.  Real Physics, Part I: Why c Is a Wall
The barrier the canon evades is special relativity. The relativistic kinetic energy of a mass m at speed v
is E = (γ − 1)mc², with Lorentz factor γ = 1/√(1 − v²/c²). As v -> c, γ -> ∞, so the energy required to
reach c is unbounded. This is not an engineering limit to be out-muscled; it is a statement that no finite
energy  accelerates  a  massive  object  to  c,  and  that  information  itself  cannot  outrun  a  light  signal
without breaking causality.

The cost  of  even fractional-c travel  is  brutal,  and it  is  the number most warp fiction quietly ignores.
The  table  below  is  a  transparent  our  calculation  of  the  kinetic  energy  needed  to  bring  a  1,000  kg
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payload  (a  small  probe)  to  a  given  fraction  of  c,  using  E  =  (γ  −  1)mc²  —  before  any  propellant
inefficiency, before deceleration.

Target speed γ
KE for 1,000 kg payload

(J)
Comparison

0.0001c (≈ Parker

class)

≈1.00000

0005
≈4.5 × 10¹² J ~1 kt TNT-equiv

0.01c ≈1.00005 ≈4.5 × 10¹⁵ J ~1 Mt TNT-equiv

0.1c ≈1.005 ≈4.6 × 10¹⁷ J ~110 Mt (≈2× Tsar Bomba)

0.2c (Starshot target) ≈1.021 ≈1.9 × 10¹⁸ J ~450 Mt

0.99c ≈7.09 ≈5.5 × 10²⁰ J
~global annual primary energy [The Reality Gap

estimate]

The Reality Gap estimate: KE values computed from E = (γ − 1)mc² with c = 2.998 × 10⁸ m/s, m =
1,000 kg; TNT-equivalents at 4.184 × 10⁹ J/t; the 0.99c row compared to global primary energy of
order 6 × 10²⁰ J/yr. Method and inputs shown so the reader can reproduce them.

The  lesson:  even  relativistic  but  sub-c  travel  for  a  one-tonne  probe  demands  energies  in  the
hundreds-of-megatons range. Warp fiction routinely moves city-sized starships at many multiples of c
and never pays this bill — because the warp-metric trick is precisely an attempt to escape it.

4.  Real Physics, Part II: The Alcubierre Metric and Its Energy Bill
Alcubierre's 1994 construction is the one place fictional warp and real GR genuinely touch. He posited
a spacetime in which a flat "bubble" containing the ship is pushed by a wave that contracts space ahead
of  it  and  expands  space  behind.  Inside  the  bubble,  observers  feel  no  acceleration  and  never  locally
exceed  c;  the  bubble  itself  can  be  made  to  move  faster  than  light  relative  to  distant  observers  [3].
Special relativity is respected locally; the apparent FTL is a global, geometric effect.

The  price  is  exotic  matter.  Feeding  Alcubierre's  metric  back  through  Einstein's  equations,  the
stress-energy  tensor  required  has  negative  energy  density  —  it  violates  the  classical  energy
conditions (weak, null, dominant). Negative energy density is not science fiction in the strict sense; the
Casimir  effect  produces  tiny,  localized  negative  energy  densities.  But  the  quantity  the  warp  bubble
needs  is  the  problem.  Alcubierre's  own  order-of-magnitude  estimate  for  a  ~100  m  bubble  at  light
speed was a negative energy of order a Jupiter mass or more, and some early estimates exceeded the
mass-energy of the observable universe [3][4].

Optimizations followed, each trading a different constraint:

• Van Den Broeck (1999): reshape the bubble (a thin "neck" enclosing a larger

pocket) to cut the required negative energy by many orders of magnitude — in the most-cited framing,
from a planetary mass toward something far smaller — but at the cost of extreme geometric demands
and still-negative energy [4].

• Harold "Sonny" White (2011): toroidal bubble wall, again reducing the magnitude

of negative energy by orders of magnitude, still exotic [3].

Variant Year Negative energy required (order of magnitude)
Still needs exotic

matter?
FTL?

Alcubierre original 1994
~Jupiter mass to > observable-universe mass-energy

[3][4]
Yes Yes
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Van Den Broeck

reshape
1999 Reduced by many orders of magnitude [4] Yes Yes

White toroidal 2011 Reduced by orders of magnitude vs. original [3] Yes Yes

Every reduction shrank the amount of exotic matter; none removed the need for it. That distinction is
the hinge of the whole field.

5.  Real Physics, Part III: The 2021–2024 "Physical Warp Drive" Wave
A cluster of peer-reviewed papers since 2021 has been widely reported as moving warp drive "closer to
reality."  Read carefully,  they make a  consistent  and important  trade:  they purchase compliance with
the energy conditions (no exotic matter) by giving up faster-than-light travel.

Bobrick & Martire (2021), Classical and Quantum Gravity. Introduced a general framework
that  contains  all  prior  warp  definitions,  presented  the  first  subluminal,  positive-energy,
spherically  symmetric  warp  drives,  and  offered  optimizations  cutting  the  Alcubierre
negative-energy  requirement  by  ~2  orders  of  magnitude.  Their  superluminal  solutions  still  require
energy-condition violations [5].

Lentz  (2021),  Classical  and  Quantum  Gravity.  Constructed  hyper-fast  solitons  sourced  by
purely  positive  energy  densities  in  Einstein–Maxwell-plasma  theory  —  reported  as
superluminal-capable.  The  result  is  contested:  subsequent  analyses  (including  the  Applied  Physics
group's "Warp Factory" toolkit) argue the positive-energy claim does not survive a full evaluation of all
energy conditions, and that superluminal solitons reintroduce violations [6][10].

Fuchs,  Helmerich,  Bobrick  et  al.  (2024),  Applied  Physics,  Classical  and  Quantum
Gravity.  Presented a constant-velocity,  subluminal  physical  warp solution that  satisfies  all  the
energy conditions — a genuine "no exotic matter" warp bubble — by combining a stable matter shell
with  an  Alcubierre-like  shift-vector  distribution.  Explicitly  subluminal  [7].  The  same  group's  "Warp
Factory" numerical toolkit (2024) now lets researchers test arbitrary warp metrics against the energy
conditions, and has become the field's reality check [10].

Separately,  White  et  al.  (2021),  European  Physical  Journal  C,  reported  that
worldline-numerics  modeling  of  a  custom  Casimir  cavity  geometry  produced  a  negative
vacuum-energy-density structure "qualitatively similar" to the Alcubierre requirement — a nanoscale
curiosity, not a vehicle, and explicitly not a built warp bubble [11].

Paper (year) Venue
Energy
source

Exotic matter? FTL? What it actually shows

Bobrick &

Martire (2021)

Class.

Quantum

Grav. [5]

Positive

(subluminal

)

No (subluminal) /

Yes (superluminal)

Sublumina

l

General warp framework; subluminal

positive-energy drives exist

Lentz (2021)

Class.

Quantum

Grav. [6]

Claimed

positive
Disputed

Claimed

superlumi

nal

Soliton class; positive-energy claim

contested [10]

White et al.

(2021)

Eur. Phys. J.

C [11]

Casimir

negative-vac

uum

Yes (nanoscale) n/a
Casimir geometry mimics warp

energy structure at nano scale

Fuchs/Helmeric

h/Bobrick

(2024)

Class.

Quantum

Grav. [7]

Positive **No**
**Sublumi

nal**

First all-energy-condition-satisfying

physical warp bubble
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THE TAKE:

The 2021–2024 literature is routinely mis-framed as "warp drive is becoming feasible." The precise
reading is the opposite and more interesting: the field has effectively proven the trade-off. Across
every credible solution, "no exotic matter" and "faster than light" behave as conjugate variables — you
can satisfy one or the other, not both. The honest 2024 status is a physically lawful subluminal warp
bubble with no obvious advantage over a rocket, plus superluminal metrics that still demand matter
no one can make. Calling this progress toward FTL is like calling a better ladder progress toward the
Moon. The Reality Gap estimate: on the historical pace of negative-energy reduction
(Alcubierre->White, several orders of magnitude over ~17 years) the magnitude problem might be
tractable in decades; the sign problem (needing negative energy at all, for any superluminal metric)
has shown zero movement in 30 years and is the true blocker.

6.  Real Physics, Part IV: Wormholes — The Other Shortcut
Wormholes are the fictional "jump drive's" nearest GR cousin: rather than moving fast through space,
connect  two  distant  regions  with  a  short  throat.  The  Morris-Thorne  (1988)  traversable-wormhole
solution  is  a  legitimate  solution  of  Einstein's  equations  [12].  But  holding  the  throat  open  against
gravitational  collapse  requires,  again,  matter  that  violates  the  null  energy  condition  — exotic  matter
with  negative  energy  density  threading  the  throat  [12].  Later  work  showed  the  averaged
null-energy-condition violation can in principle be made arbitrarily small, but cannot be made zero: a
traversable  wormhole  without  exotic  matter  is,  in  classical  GR,  not  available  [12].  A  wormhole  also
presupposes both mouths already exist and are positioned where you want them — there is no known
mechanism to create, move, or stabilize one. As a transport technology it is, if anything, further from
engineering than the warp bubble.

7.  The Reality Gap: Where Real Propulsion Actually Stands
Set the metrics aside and measure the hardware. The fastest things humans have flown are still six to
eight orders of magnitude short of c.

System Speed
Fraction

of c
Status / vintage Note

Parker Solar Probe

(perihelion)

192 km/s

(692,000

km/h)

~6.4 ×

10-⁴
Achieved 24 Dec 2024 [1]

Fastest human-made object; Sun's

gravity, not propulsion

Voyager 1 (heliocentric) ~17 km/s
~5.7 ×

10-⁵

Ongoing, launched 1977

[8]

Most distant probe; ~1 light-day out in

late 2026

New Horizons (launch

C3)
~16 km/s

~5.3 ×

10-⁵
Launched 2006 Fastest launch speed from Earth

Chemical rocket (typical

Δv ceiling)
~10–15 km/s ~4 × 10-⁵ Mature Tsiolkovsky-limited

Ion / Hall thruster (e.g.

Dawn)

exhaust ~30

km/s
— Mature High efficiency, low thrust

**Breakthrough

Starshot (target)**

**60,000

km/s**
**0.2**

**On indefinite hold

(2025)** [2]
Ground-laser lightsail; never built

**Alcubierre warp

(fiction/metric)**
**> c** **> 1**

**Paper only; needs exotic

matter** [3]
No demonstrated path

Two honest framings of the gap:

• Speed. Parker's 0.064%-of-c is the record. To reach even Starshot's 0.2c is a
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factor of ~310; to reach c is a factor of ~1,560 beyond Parker, and an infinite energy beyond that for a
massive  ship.  A  typical  "warp  1+"  fictional  cruise  is  therefore  ≥10⁸  faster  than  anything  real.  The
Reality Gap estimate: the fiction-to-fact speed gap is ~10⁸×.

• Time. At Voyager 1's 17 km/s, the 4.24-light-year trip to Proxima Centauri

would  take  roughly  75,000  years  [The  Reality  Gap  estimate,  distance  ÷  speed].  At  Starshot's  0.2c  it
would take ~21 years of flight (plus ~4.24 years for the data to return) — which is exactly why beamed
sails, not warp, define the credible interstellar frontier [2].

The one genuinely lawful path to fast (if not FTL) travel is beamed-energy propulsion: leave the power
source on the ground, push a gram-scale sail with a phased laser array, and reach a fifth of light speed
without  carrying  propellant.  It  is  hard,  expensive,  and currently  unfunded — but  it  does  not  require
new  physics.  That  is  the  dividing  line  this  report  draws:  Starshot  is  an  engineering  and  capital
problem; warp is a physics problem.

8.  Market Read
Per the editorial profile's market policy, a clean public-equity read is issued only where one genuinely
exists. For FTL specifically, there is none. The relevant actors are research groups (Applied Physics'
Advanced  Propulsion  Laboratory,  academic  GR  theorists),  agencies  (NASA,  DARPA-funded  work),
and privately or philanthropically funded efforts (Breakthrough Initiatives, Limitless Space Institute).
No publicly traded company derives material revenue from warp, wormhole, or FTL research, and any
report implying otherwise would be mis-pricing science fiction.

A narrow, adjacent  and legitimately public  read exists  one layer down, in the sub-0.001c propulsion
economy that the reality gap actually rewards — launch, in-space propulsion, and the photonics/optics
that beamed-sail concepts would need. These names are exposed to real spaceflight, not  to FTL, and
the call reflects that.

Company
(Ticker)

Exposure Reasoning (tied to the thesis) Horizon

Rocket Lab

(RKLB, Nasdaq)

Positive (to real

propulsion, not

FTL)

Pure-play small launch + spacecraft; the report's thesis is that value

accrues to sub-0.001c hardware, where RKLB operates
3–5 yr

Intuitive

Machines

(LUNR, Nasdaq)

Neutral
Cislunar transport/services; benefits from a real-propulsion

economy, unexposed to any FTL narrative
3–5 yr

Lockheed Martin

(LMT, NYSE)
Neutral

Deep-space/agency propulsion programs are a rounding error in a

defense-dominated P&L; no FTL exposure
3–5 yr

THE TAKE:

The most important market read is a negative one — a guardrail. Periodic "warp drive breakthrough"
headlines (2021's Casimir result, 2024's constant-velocity solution) are catnip for speculative retail
flows into anything tagged "advanced propulsion." This analysis says the breakthroughs are real
physics but explicitly subluminal; none creates a product, a market, or a near-term revenue line. The
asymmetry for an investor is that the genuine value is mundane — launch cadence, sail/optics
manufacturing, in-space tugs — and the exciting word ("warp") is precisely the part with no public
exposure and no timeline.
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9.  Outlook and Strategic Implications
The  synthesis  is  clean.  Fiction's  FTL  devices  encode  three  wishes  —  distort  space  (warp),  tunnel
through  it  (wormhole/hyperspace),  or  just  burn  forever  (torch).  GR  grants  worked  solutions  for  the
first two, but both demand exotic matter no one can make in the quantities needed, and the post-2021
progress that removed exotic matter also removed the faster-than-light part. The third wish, the fusion
torch, is not FTL at all but is the only family with a plausible physical lineage — and even it is decades
of fusion-engineering away from a torch ship.

For anyone allocating attention or capital: treat FTL as a science story, not a technology roadmap. The
decision-grade  frontier  is  fractional-c  by  beamed energy  and incremental  gains  in  chemical,  electric,
and (eventually) fusion propulsion. The reality gap is not closing; it is being more precisely measured.

WHAT TO WATCH:

- A superluminal metric that satisfies all classical energy conditions in a
Warp-Factory-grade evaluation — would be the first crack in the 30-year "sign problem." None exists
as of mid-2026 [7][10]. - Any funded revival of Breakthrough Starshot or a successor
beamed-sail program with a hardware milestone (a metre-scale sail surviving laser flux) — the real
interstellar signal [2]. - Parker Solar Probe's final perihelia and any follow-on
solar/gravity-assist mission that resets the human speed record above 192 km/s [1]. - Lab-scale,
bulk, controllable negative-energy density beyond the Casimir nanoscale — the single result
that would move warp from metric to mechanism [11].

Disclosures & Disclaimer
This  report  is  general  commentary  published  for  information  purposes  only.  It  is  not  investment
advice,  a recommendation, or a solicitation to buy or sell  any security.  The Reality Gap is  a research
publication,  not  a  registered  investment  adviser  or  broker-dealer.  Views  are  the  publication's  own
analytical opinions, are subject to change, and may prove wrong. Readers should do their own research
and consult a licensed financial professional before acting. The publication and/or its principals may
hold positions in securities mentioned. © The Reality Gap.

Methodology and Assumptions
This  is  a  comparative,  literature-grounded  analysis,  not  an  experimental  or  techno-economic  cost
model. Method: (1) fix definitions — FTL as superluminal transport of a macroscopic payload between
two  points  relative  to  a  light  signal  in  flat  spacetime;  (2)  catalog  the  canonical  science-fiction  FTL
devices  and  their  implied  physics  claims;  (3)  map  each  to  the  peer-reviewed  general-relativity
literature  (Alcubierre  and  its  optimizations;  the  2021–2024  physical-warp  papers;  Morris-Thorne
wormholes);  (4)  benchmark  against  measured  real-propulsion  performance  (Parker,  Voyager,  New
Horizons) and the leading near-term interstellar concept (Breakthrough Starshot).

Derived numbers are labeled "The Reality Gap estimate" with their inputs. Kinetic-energy figures use
the exact special-relativistic form E = (γ − 1)mc² with c = 2.998 × 10⁸ m/s and a 1,000 kg reference
payload; TNT-equivalents convert at 4.184 × 10⁹ J per tonne; the global-primary-energy comparator is
of order 6 × 10²⁰ J/yr. Travel-time estimates use distance ÷ speed for Proxima Centauri at 4.24 ly. The
speed-gap  figure  (~10⁸×)  compares  a  representative  "warp  1+"  fictional  cruise  (a  few  c,  taken
conservatively)  against  Parker's  measured  ~6.4  ×  10-⁴  c.  What  would  change  the  conclusion:  a
peer-reviewed  superluminal  metric  that  satisfies  all  classical  energy  conditions  under  independent
(e.g. Warp Factory) evaluation, or a demonstrated bulk, controllable source of negative energy density.
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Neither exists as of June 2026.
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