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1 INTRODUCTION 1

Abstract

This paper formulates a toy torsion metric in Quantum Measurement Units (QMU) for a
one—dimensional Aether tube linking two distant regions of space. Starting from the Aether unit
A, the curl scale curl, and the maximum Aether mass m,, we construct a dimensionless torsion
intensity = that combines an Aether loading factor with a twist number N along the tube. We
show that the induced metric

do? = —di* + dz?

1422
shortens the proper separation between endpoints by a factor

D
V1 E2

while preserving a Ledger—first QMU description of the underlying Aether geometry. Geodesic
equations are derived in closed form for both variable and uniform torsion tubes, and the resulting
null and timelike paths are expressed entirely in QMU. The toy model provides a metrological
target for torsion experiments and clarifies what a future “torsion grappler” device must achieve
in terms of twist number, Aether loading, torsion energy, and the strong N2 versus 1/N tradeoff
between energy cost and path shortening.
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1 Introduction

Institutional attribution follows the QADI reference identity [Thomson III(2025)]. The Aether
Physics Model (APM) describes the physical Universe in terms of a quantized, rotating Aether
composed of discrete Aether units. Within this framework, the Quantum Measurement Unit (QMU)
system replaces conventional MKS units with a ledger—first set of base quantities constructed from
the electron mass m., the Compton length ¢, the quantum frequency Fj, and the electrostatic
and magnetic charge scales. A key rotational quantity is the Aether unit A,, which encodes the
rotational self-interaction of the electromagnetic Aether and appears, together with the curl scale
curl, in the Ledger One identity
Ay curl = Fq2 A2,

interpreted as an Aether rotational self-identity for the electromagnetic propagation constant.

The present paper is motivated by a specific question in this Aether framework: whether a highly
twisted Aether tube—a narrow, topologically simple region of space in which the Aether frame
accumulates a large net twist number N—can act as an effectively shorter path between two distant
regions for both chronovibrational signals and matter geodesics. We frame this question in strictly
ledger—first QMU terms, using the Aether unit A,, the universal curl scale curl, the maximum
Aether mass m,, and the maximum Aether magnetic charge e,? to define a dimensionless torsion
intensity = and a one—dimensional “torsion tube” metric. Before introducing this construction, it is
useful to place it in the broader context of spacetime shortcut and torsion theories developed in
other formalisms.
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1.1 Spacetime shortcuts in general relativity

Within general relativity, several families of solutions have been proposed as spacetime shortcuts
between distant regions. Traversable wormholes, beginning with the Morris—Thorne construc-
tions [Morris and Thorne(1988), Morris et al.(1988)Morris, Thorne, and Yurtsever| and developed
further by Visser and others [Visser(1989), Visser(1995), Lobo(2008), Lobo(2017)], provide static or
quasi—static “tunnels” that connect two asymptotic regions. These wormhole geometries shorten the
effective path between their mouths and, in principle, allow two—way travel. However, they typically
require exotic stress—energy that violates classical energy conditions and are highly constrained by
stability analyses, backreaction, and quantum inequalities.

Warp—drive metrics, inaugurated by Alcubierre [Alcubierre(1994)] and refined by Natério and
others [Natario(2002), Lentz(2021), Santiago et al.(2022)Santiago, Schuster, and Visser]|, take a dif-
ferent approach: rather than opening a static tunnel, they engineer a “bubble” of spacetime that
contracts space in front of a ship and expands it behind. In these models the ship remains locally
subluminal, while distant observers see an effective superluminal transit as the bubble translates.
Like traversable wormholes, most warp—drive metrics demand severe violations of classical energy
conditions and large negative energy densities, and generic constructions are known to violate
the null energy condition [Santiago et al.(2022)Santiago, Schuster, and Visser]. Nevertheless, they
demonstrate that suitable deformations of the spacetime metric can, at least at the kinematic level,
mimic faster—than—light travel.

The Krasnikov tube [Everett and Roman(1997), Everett and Roman(2011)] introduces yet another
spacetime shortcut concept that is especially close in spirit to the present work. A Krasnikov tube
is a four—dimensional region trailing behind an initial subluminal journey, along which the light
cones are “opened out” in one direction. Once the tube has been prepared, a return trip along the
same path can be completed in an arbitrarily short external time while remaining causal within the
modified metric. Geometrically, the key feature is not a new topology, but a localized deformation
of the light cones along a tube—shaped region.

In all of these standard metric engineering constructions, the shortcut effect arises from carefully
shaping the spacetime metric g, often in highly anisotropic or topologically nontrivial ways. The
physical interpretation is anchored to the Einstein field equations: the metric is sourced by some
stress—energy tensor, and the feasibility of a given shortcut is judged by whether the required
stress—energy is compatible with known or conjectured forms of matter and field energy. The Aether
Physics Model does not attempt to modify these general-relativistic results. Instead, it recasts the
shortcut question in a different kinematic language: a ledger—first Aether geometry in which the
primary objects are Aether units, curl, and magnetic charges, and in which a “tube” is characterized
by a torsion intensity = derived from the Aether loading and twist number V.

1.2 Torsion in gravity and torsion—supported wormholes

Torsion has long been explored as an extension of the geometric structure of spacetime. In Einstein—
Cartan theory and more general metric—affine gauge theories of gravity [Hehl et al.(1976)Hehl, von der Heyde, Kerlic
Hehl et al.(1995)Hehl, McCrea, Mielke, and Ne’eman, Shapiro(2002), Hammond(2002)], the con-
nection acquires an antisymmetric torsion component, typically sourced by the intrinsic spin of
matter fields. These theories preserve the metric as the object that measures distances and times,
while torsion appears in the connection and affects parallel transport, spin precession, and, in some
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regimes, effective interactions at very high densities. In most astrophysical and laboratory settings,
the torsion contributions are suppressed to extremely small scales and do not produce macroscopic
path—shortening effects.

There is, however, a growing literature on wormholes and exotic spacetimes supported or modified
by torsion. In Einstein—Cartan frameworks, torsion sourced by spin can modify gravitational
collapse and cosmology [Poptawski(2010)], and specific spherically symmetric solutions have been
constructed where torsion helps support wormhole throats without the need for exotic matter in
the usual sense [Bronnikov and Galiakhmetov(2015), Soni et al.(2024)Soni, Khunt, and Hasmani,
Sarkar et al.(2024)Sarkar, Sarkar, Dutta, and Rahaman]. Other works consider torsion in more
general bigravity or modified gravity settings, where torsion and curvature interact nontrivially in
the field equations.

Despite these developments, torsion in these theories remains a property of the spacetime connection
tied to spin densities and curvature, not a directly engineerable “twist” of an underlying medium.
Moreover, torsion in Einstein—Cartan theory is typically non—propagating and vanishes outside
matter distributions, which makes it difficult to construct free—space torsion tubes that carry energy
and open light cones in a controlled way. The Aether Physics Model adopts a different starting
point: the Aether is treated as a rotating electromagnetic medium whose torsion is encoded in a
universal curl scale curl and in magnetic loading fractions relative to a maximum Aether magnetic
charge e,?. The torsion intensity = along a tube is then a ledger-level construct derived from these
Aether quantities and a twist number N, rather than from the spin density of standard matter
fields.

1.3 Vacuum engineering, Casimir wormholes, and transformation optics

A complementary line of research has explored the use of quantum vacuum effects and effective
optical metrics as analogues of spacetime shortcuts. Casimir—supported wormholes and related
constructions [Garattini(2019), Garattini(2021), Oliveira and Alencar(2022)] investigate whether
the stress—energy associated with vacuum fluctuations in constrained geometries can sustain small
wormhole throats or modify effective gravitational potentials. These models remain within the
general-relativistic framework, but shift the emphasis from classical matter sources to the structured
quantum vacuum.

In a different direction, transformation optics and optical conformal mapping [Leonhardt(2006),
Pendry et al.(2006)Pendry, Schurig, and Smith] show that appropriately engineered metamaterials
can guide electromagnetic waves as if they were propagating in a curved spacetime. By designing
spatially varying permittivity and permeability profiles, one can mimic lensing, cloaking, and even
“optical wormholes” in which rays are deflected around a hidden region while external observers see
an effectively straight trajectory. Here the fundamental geometry remains flat, but light experiences
an effective metric determined by the material properties.

From the perspective of the present work, transformation optics provides an instructive analogy:
the control parameter is a spatial index profile, and the observable consequence is a reshaping of
null geodesics (photon trajectories). In the Aether Physics Model, the control parameter is a torsion
intensity Z(&) derived from Aether magnetic loading and twist, and the observable consequence is a
reshaping of null and timelike geodesics in the (£, #) plane. The toy torsion tube metric introduced
below can be viewed as a torsion analogue of a transformation—optics device: instead of programming
an index of refraction, one programs a QMU torsion field that enters directly into the line element.
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1.4 Positioning the Aether torsion tube in this landscape

Against this backdrop, the present paper develops a toy model of an Aether torsion tube with the
following distinctive features:

e One—dimensional, ledger—first geometry: The tube is modeled as a one—-dimensional
channel with dimensionless coordinate & = z/A¢ and dimensionless time ¢ = Fyt, and the line
element is taken to be

do? = — df* + dz?,

14 =2

where = is a dimensionless torsion intensity built from QMU quantities. This contrasts with the
full 341 geometries of wormholes and warp drives, but is sufficient to capture path—shortening
along a tube and the widening of local null cones.

e Aether—based torsion intensity: The torsion intensity

=2 _ =2 2

= = ‘:loadN
combines a loading factor =2, = ¢2,,./€.> With a twist number N that counts the net
rotation of the Aether frame along the tube. This is conceptually distinct from torsion in
Einstein—Cartan theory, where torsion is tied to spin density, and from transformation optics,
where the control parameter is a material index profile.

o Metric deformation rather than topology change: Asin Krasnikov tubes [Everett and Roman(1997),
Everett and Roman(2011)], the Aether torsion tube does not invoke a change in spacetime
topology. Instead, it modifies the spatial metric coefficient along a fixed channel, shortening
the proper distance between endpoints and widening the local light cone for both null and
timelike geodesics in that region.

« Explicit path—shortening and energy scaling: The model yields closed—form expressions
for the effective distance Deg = D/+/1+ Z2, for the null cone opening |di/dt| = /1 + =2,
and for a simple torsion energy scaling Eiop o< Ay curl2N?/ D in terms of QMU ledgers. This
facilitates direct comparison between the degree of path shortening (controlled by E) and the
torsion energy cost (controlled by N and the Aether constants), in contrast to many wormhole
and warp—drive treatments where the exotic stress—energy remains abstract.

e Metrological program rather than stress—energy ansatz: Instead of specifying a stress—
energy tensor and solving field equations, the Aether torsion tube is presented as a kinematic
target for metrology. The central question is not which stress—energy supports a given metric,
but how the QMU quantities A,, curl, mq, and e,? can be calibrated experimentally and
whether laboratory devices can realize torsion intensities = large enough to produce measurable
path shortening.

The aim of this paper is therefore twofold. First, it provides a self-contained, QMU-based derivation
of a toy torsion tube metric, its geodesic structure, and the associated path—shortening and torsion
energy scaling. Second, it positions this construction alongside wormholes, warp drives, Krasnikov
tubes, torsion gravity, Casimir wormholes, and transformation—optics analogues, highlighting both
the similarities (tube geometry, null-cone widening, effective path shortening) and the differences
(Aether torsion ledger, QMU calibration chain, metrological emphasis).

Subsequent sections formalize the relevant QMU ledgers, define the torsion intensity =, derive the
geodesic equations for the tube, and propose an experimental calibration strategy for the Aether
torsion sector. The broader comparison with other shortcut frameworks is revisited in the Discussion,
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where the Aether torsion tube is evaluated as one candidate among several for a physically realizable
“spacetime shortcut” technology.

2 Ledger Closure Check

This section records the ledger identities needed for the torsion metric construction and verifies that
all key quantities are dimensionless in QMU.

2.1 Aether rotational identity

The canonical closure used for Aether rotational sanity checks is Ledger One, which states
Ay -curl = F2 N2 (1)
Here:

o A, is the Aether rotational unit (Aether unit).
e curl is the curl scale of the Aether, defined at maximum magnetic loading as
2

eemax
l = —— 2
cwl = = (2)

where €emax? is the electron maximum magnetic charge squared in the QMU system.

o F, is the quantum frequency, defined such that Fy\c is the photon propagation constant.

Equation (1) is the QMU decomposition of the familiar propagation constant. In the APM, it is
interpreted as an Aether rotational self-identity for the electromagnetic field.

2.2 Maximum Aether mass and magnetic charge

The APM defines a maximum Aether mass scale

Ao® Fp?
me = TG 2

where G is the gravitational constant expressed in QMU. Physically, m, is the mass content of an
Aether unit at full gravito—electromagnetic loading.

The maximum Aether magnetic charge associated with a fully loaded Aether unit is denoted by e,?
and related to A, and m, by

me Ao Fy?
ea’ = Tq' (4)
Solving (4) for A, yields
ma Ao” F,>
Au = aie 2 4 . (5)

This expresses the Aether unit as the ratio of the maximum Aether mass—frequency—volume
combination to the maximum Aether magnetic charge squared.
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2.3 Torsion loading factor

The APM distinguishes between the mazimum Aether magnetic charge e,? available to a fully
loaded Aether unit and the actual magnetic charge configuration present in a given device or tube.
For a specific torsion tube we denote by qtzube the effective Aether magnetic charge squared that
participates in the torsion pattern along the tube.

We then define a dimensionless torsion loading factor by

2
—2 — Qtube
e, 0

Zload =

Because qgube and e,? share the same magnetic charge ledger, E%oad is manifestly dimensionless. In
the fully loaded limit g2, . — e, one has Z2_, — 1, while partially loaded configurations satisfy
0<E: 4 <L

2.4 Twist number and torsion intensity

Consider a one-dimensional tube of Aether aligned with a dimensionless coordinate Z. The internal
Aether frame rotates around the tube axis by an angle ¥ (%) as one moves along the tube. The
torsion density is defined as

dip

dz’

The net twist between endpoints at £ =0 and £ = D is

T(2) =

(7)

D A
0= [ r@ydi = v(D)~ () (8)
The natural dimensionless twist number is
_ e 1 b
N=_ = %/0 7(3) di, 9)

counting the number of full Aether—frame revolutions along the tube.

The torsion intensity = is defined as
=22 = 82 _, N2 (10)

By construction, Z is dimensionless and combines the microscopic Aether magnetic loading with the
macroscopic twist number N of the tube. For a fully loaded tube, Efoad ~1and 22 ~ N2,

3 Method / Derivation

This section derives a toy torsion metric for a one—dimensional Aether tube and obtains the
corresponding geodesic equations in QMU-normalized coordinates. All steps close dimensionally in
QMU using the ledgers of Sec. 2.
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3.1 QMU normalization of the tube coordinates

Let t be the physical time coordinate and x the physical spatial coordinate along the tube, both

defined in QMU. We introduce dimensionless coordinates
. x
t = Fyt, = —. (11)

Ac

One unit of  corresponds to the quantum time step qul, and one unit of & corresponds to the

Compton length A\¢.

In the absence of torsion and Aether density gradients, the baseline Aether line element along the
tube is
do® = —di* + di?, (12)

with the chronovibrational propagation bound |d#/df| < 1 corresponding to the propagation constant
F,\c.

3.2 Metric ansatz for a torsion tube

We now postulate that a highly twisted Aether tube modifies the spatial line element along & without
directly altering the time component in this toy model. The most economical one—dimensional
ansatz is

do® = —dt* + A(#)di?, (13)

where A(%) is a positive dimensionless function constructed from the torsion intensity Z(z).
For the class of models considered here, we choose

1
AlR) = ———. 14
() 14+ 2(2)2 (14)
This choice has three desirable properties: it ensures that the metric remains Lorentzian (no
signature change) for all real =, it smoothly recovers the vacuum baseline A — 1 as the torsion
intensity = — 0, and it provides a monotone, even function of = that directly ties the magnitude of

the spatial deformation to the quadratic torsion ledger =2.

For a uniform torsion tube with constant twist number N and loading factor =j,.4, the torsion
intensity is constant:

EQ(‘%) = EQ = E%oadN27 (15)
and ]
A@) = A= 1 (16)

3.3 Path shortening along the tube

Consider two endpoints of the tube at £ =0 and z = D with equal £. The proper spatial distance

between them is . R
D D

De z/ J/Gas di :/ A(2) dé. 17

i= [ Vs " a@ (1)
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In the uniform tube case with A constant, this becomes

A A ﬁ
Dt = VAD = — (18)
Restoring the length ledger with D = A\¢ D and Deg = Ao Deﬁ“ gives
D
D = —— (19)

VI+E?

In other words, a uniform torsion tube with intensity = behaves as if the spatial separation between
its endpoints were shortened by a factor

f = = . (20)

Using the definition (10), one can also write

1
fe— 21)
1+ :%oadNQ
For fully loaded tubes with Z2_,; ~ 1 this reduces to
1
f = (22)

V1+ N2

Thus for large |N| one has f ~ 1/|N|, so the effective shortening scales inversely with the twist
number.

3.4 Geodesic equations for the torsion tube metric

We now derive the geodesic equations for the metric (13) with A(Z) given by (14). The nonzero
metric components are

with inverse
=1, g (24)
’ A(z)
The Christoffel symbols are
1
Fﬁp = §gua (&/gap + 8pgau - agup) . (25)

Because g;; is constant and all off-diagonal terms vanish, we have
I‘fw = 0 forall y,r. (26)

The only nonzero component is

Fﬁx = *g% 29z =
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where A'(2) = dA/dz.

Let A be an affine parameter along the geodesic, and denote derivatives by dots:

2 dt . dz
t_ -

N Todx
The geodesic equations are
d?xt dx¥ dxP
+ [ =
d\? Y dN dA
3.4.1 Time coordinate

Because Ft;p =0, the ¢ equation is simply

i=0 = i\ =FE\+1i,

where F and {( are constants fixed by initial conditions. Thus { is an affine function of .

3.4.2 Spatial coordinate

The % equation is

.. S . A’(@) .
t+I4,27 =0 G i =0
r+1%:7 = x+2A(i’)x
Define u()\) = z. Then
5o
CdN
and (31) becomes
du A
Using du/d)\ = (du/d#) & = udu/d#, we obtain
du A"
Assuming u # 0 (nontrivial geodesic), divide by u?:
wdi 24
This can be written as 14
—(1 ——(nA) =
2z ) + 35z 1 4) =0,
SO J
@A) =0 = w@a@)=c,

for some constant C. Therefore

9

(30)

(36)

(37)

(38)
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Equations (30) and (38) summarize the affine—parameter geodesic flow:

df di c
R o) -~
a7 A JAQ@) (39)

with constants £ and C determined by initial conditions and by the normalization (timelike or null).

3.5 Geodesics in ¢ as parameter

Because t is an affine function of \, one may choose A = { up to an overall scale. Setting E = 1
with an appropriate choice of A\, we obtain

d@ dz/dx  C

il = X 40
dt  dt/d\ A(z) (40)
Differentiating (40) with respect to t reproduces the second-order equation
d?z  A(z) <d55>2
- _.I_ — — = 0’ 4]_
iz  2A(2) \ dt (41)

consistent with (31).

Equation (40) shows that, for fixed C, the coordinate speed |di/df| is enhanced in regions where
A(Z) is small, i.e. where the torsion intensity Z(Z) is large.

3.6 Timelike and null normalization

For a timelike geodesic with QMU proper time 7, the normalization condition is

dzt dx¥

I ar ar -1 (42)
which reads
di\’ di\2
— [ = AZ)|—) =-1. 4
(dT) +A@) (dT) (43)
. dt dz - .
Using i E and = C/+/A(z) from (39), we obtain
T T

—E?’+C?’=-1 = C?*=FE*-1. (44)

The coordinate speed along the tube is

L _di difdr C 1 [T 1
V@) = T e B vam VU B A (45)

For fixed timelike energy F, the factor 1/\/A(2) = /1 + Z(&)? amplifies |v(Z)| in high—torsion

regions.

For a null geodesic with do? = 0, the line element gives

dz

—dP?+ A(2)d2* =0 —
(%) dz 7
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The local null slope in the (f, %) plane is thus widened by the factor v/1 + =2 inside the torsion tube
relative to torsion—free space. In a spacetime diagram, this appears as a “widened” light cone region:
outside the tube, null trajectories form straight lines at 45° in (£, #), whereas inside the tube they
tilt outward so that causal curves encompass larger coordinate distances per unit .

3.7 Uniform torsion tube as a special case

If the torsion intensity is constant, Z(2) = =, then A(Z) = A is constant, A’ = 0, and the Christoffel
symbol (27) vanishes. The geodesic equations reduce to

i=0, F=o0, (47)

so geodesics are straight lines in (£,4). Nonetheless, the proper distance between endpoints is
shortened according to (19), and the null slope is widened according to (46) with constant =.

In summary, the torsion tube metric (13) preserves straight-line geodesics in the uniform case while
modifying the relation between coordinate separation, proper distance, and null propagation speed
by the torsion intensity =.

4 Results

This section summarizes the primary outcomes of the toy torsion metric construction and expresses
them in ledger—first QMU form.

4.1 Path shortening in terms of torsion intensity

For a uniform torsion tube of dimensionless length D and torsion intensity =, the effective proper
distance between endpoints is

R D
Deﬁ 11 =2 (48)
In QMU length units,
D
Deﬁ 1+ =2 ) (49)
with the path—shortening factor
Deg 1
= = . 50
/ D 1422 (50)
Using the ledger definitions, the torsion intensity is
B = E%oadNZ? (51)
so that .
f= (52)
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At full magnetic loading =2, ~ 1, this simplifies to

1
I~ e (53)

For |[N| > 1 this behaves as f ~ 1/|N/|, so each additional twist yields a diminishing improvement
in Deg/D.

Given a desired path—shortening factor f, the required twist number (for full loading) is

1
N? ~ ok 1. (54)

For example:
f=1/2 = N?=3, N=~173, (55)
f=01 = N2=99, N= 10, (56)
f=001 = NZx10%* N ~100. (57)

Thus a tube that shortens the effective separation by two orders of magnitude requires on the order
of N ~ 10? full Aether—frame twists when fully loaded.

4.2 Geodesic structure and null cones

For a general torsion profile A(#) = 1/(1 + Z(#)?), the geodesic equations in affine parameter \ are

dt dz C
— E g 58
d\ ’ ’ (58)

while the coordinate speed in ¢-parameterization is

dz C
di A(z) (59)

In high-torsion regions where A(%) < 1, geodesics traverse coordinate distance rapidly, even though
they remain geodesics of the modified metric.

For null geodesics,
dz

df

1 -
= 1) =/1+E(2)2, (60)

, so the local null slope in (£, 1) space is widened by v/1 + Z2. In a spacetime diagram, one can
visualize this as a “flared” light cone region coincident with the torsion tube: world-lines and null
curves inside the tube tilt outward relative to those in the surrounding Aether, allowing causal
curves to reach larger coordinate separations in the same £.

4.3 Torsion energy scaling (toy model)

A simple toy model for the torsion energy density along the tube is

Utors(T) o Ay curl? 7'(17‘)2, (61)
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Figure 1: Null Cone Widening within the Aether Torsion Tube. In the vacuum region (left),
causal propagation is bounded by unit slope (|di/df| < 1). Inside the torsion tube (center), the
metric deformation = widens the local light cone, allowing geodesics to traverse larger coordinate
separations per unit time (|d#/dt| = v/1 + Z2) without violating local causality.

where 7() is the torsion density (7). The proportionality constant is dimensionless in QMU and is
left unspecified here, to be fixed by future metrology of the torsion sector.

The total torsion energy in a tube of length D then scales as

D
Biors < A, Cur12/ 7'(37:)2 dz. (62)
0
For a uniform torsion density 7, A
Fiops o Ay curl?7? D. (63)
Using N = ©/(2r) = (rD)/(2n), we have 7 = 2rN/D and

2

Eiops o 412 A, curl? (64)
For fixed twist number NV, the torsion energy per unit length decreases as 1/ D, while for fixed D
the energy cost grows as N2. Combined with the path-shortening relation (54), this shows that, in
the large—N limit where f ~ 1/|N|, the effective shortening improves only linearly while the torsion
energy cost grows quadratically.

The toy model therefore predicts a strong N2 versus 1/N tradeoff, but it does not fix the absolute
QMU—SI conversion for Eiqs; that overall scale must be determined empirically once A, and curl
are calibrated against experiment.

5 Discussion

The toy torsion metric developed in this paper is deliberately minimal: it is a one—dimensional,
ledger—first QMU model that deforms the spatial line element along an Aether tube according to a
dimensionless torsion intensity =, while leaving the time component in QM U-normalized coordinates



5 DISCUSSION 14

unchanged. Despite this simplicity, the model encapsulates several key features that appear, in more
elaborate form, across the broader literature on spacetime shortcuts, torsion geometries, vacuum
engineering, and transformation optics. This section summarizes the main QMU results, compares
them systematically to existing approaches, and outlines the implications for torsion grappler devices
and Aether metrology.

5.1 Summary of QMU torsion tube results

The central construct of this work is the torsion tube metric

1
2 _ 2 -2
do® = —dt —1—1_}_5@)2 dz=, (65)

with £ = F,t and = 2/Ac the QMU-normalized time and spatial coordinates along the tube, and
with torsion intensity
2
=2 =2 2 =2 tub
= = N ) Sload = 2u2e : (66)
a

Here N is the twist number counting the net Aether—frame rotation along the tube, qfube is the
effective magnetic charge participating in the torsion mode, and e,? is the maximum Aether magnetic
charge of a fully loaded Aether unit. All quantities are expressed in QMU using the ledgers built
from A, curl, m,, and e,>.

For a uniform tube with constant =, the model yields:

e Path shortening. The effective proper separation between endpoints is

D
D = ——, 67
T e o7
with shortening factor f = Deg/D = (1 4 Z2)~Y/2. At full loading Z2_4 ~ 1, the large|N|
regime obeys f ~ 1/|N|.
« Null cone widening. The local null slope in (, ) is

@
di

- V1422, (68)

null

so the light cone is widened inside the tube compared to torsion—free space. In a spacetime
diagram, the tube region appears as a band where Iiull rays tilt outward, allowing causal
curves to span larger coordinate separations per unit t.

o Timelike geodesics. For timelike geodesics with fixed energy parameter F, the coordinate
speed is

o@) = % = 1o \LrEER (69)

so timelike world—lines also traverse coordinate distance more rapidly in regions of high torsion
intensity.

e Torsion energy scaling. A toy torsion energy density

Ugors(£) o< Ay curl® 7(2)?, (70)
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with 7(Z) = diy/dZ the torsion density, leads to a total torsion energy scaling

N2
Fiops x 472 A, curl? 5 (71)

where D = D /Ac is the dimensionless tube length. For fixed 15, the torsion energy grows
as N2, while the shortening factor improves only as f ~ 1/|N| at large |N|. This quadratic—
versus—linear scaling is a key engineering constraint: each order of magnitude improvement in
f costs roughly an extra order of magnitude in |/N|, and hence two orders of magnitude in
torsion energy.

These results are purely kinematic and ledger—first: they specify how geodesics and path lengths
behave given a torsion intensity = and twist number N, but they do not fix the absolute QMU—SI
scale of Ay, curl, or Fiqs. That scale must be determined experimentally.

5.2 Comparison with wormholes and warp drives

The Aether torsion tube shares several qualitative features with traversable wormholes and warp—
drive metrics, while differing in its geometric and metrological foundations.

Similarities. Traversable wormholes [Morris and Thorne(1988), Morris et al.(1988)Morris, Thorne, and Yurtseve
Visser(1995), Lobo(2008), Lobo(2017)] provide a shortened route between two regions by intro-

ducing a nontrivial topology: a throat connects two mouths in an otherwise distinct spacetime. Warp

drives [Alcubierre(1994), Natario(2002), Lentz(2021), Santiago et al.(2022)Santiago, Schuster, and Visser]

shorten effective travel times by contracting space in front of a ship and expanding it behind, ef-

fectively modifying path lengths along the direction of motion. In both cases, null and timelike

geodesics connecting two events can be significantly shorter than corresponding geodesics in an

unmodified background.

The torsion tube reproduces this path—shortening behavior along a one—dimensional channel: the
effective separation is Deg = D/+/1 4 =2, and null cones are widened in the tube so that signals
can traverse larger coordinate distances per unit . This is conceptually analogous to the light—
cone widening in Krasnikov tubes [Everett and Roman(1997), Everett and Roman(2011)], where
the metric along a prepared tube permits a rapid return trip within the modified causal structure.
In that sense, the Aether torsion tube is closer to a QMU version of a Krasnikov tube than to a
topology—changing wormhole.

Differences. The principal differences lie in the role of topology, the sourcing of the metric, and
the metrological framing:

o Topology. Wormholes introduce a nontrivial spacetime topology; warp drives and Krasnikov
tubes deform the metric on a fixed topology. The torsion tube likewise assumes a fixed
topology and modifies only the spatial metric along a pre—existing channel; it is explicitly a
one—dimensional construction embedded in a larger Aether background.

e Stress—energy versus ledger parameters. In general relativity, the feasibility of worm-
holes or warp drives is evaluated by examining the stress—energy tensor required to support
the metric and checking energy conditions [Morris et al.(1988)Morris, Thorne, and Yurtsever,
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Visser(1995), Lobo(2008), Santiago et al.(2022)Santiago, Schuster, and Visser|. In the torsion
tube, the metric deformation is parametrized instead by QMU quantities A,,, curl, mq, €42,
and IV, without specifying an explicit stress—energy tensor. The question shifts from whether
exotic stress—energy exists to whether Aether torsion modes with given (Ej5aq, V) can be

excited and controlled.

e Energy accounting. Wormhole and warp—drive analyses often express energy requirements
in terms of integrals of stress—energy over a spatial slice, typically yielding conditions on
negative energy fluxes and quantum inequalities. The torsion tube expresses energy scaling at

the level of Aether torsion,
Eiors < A, CUI‘12N2/D, (72)

with the overall scale set by Aether metrology. This keeps the bookkeeping in ledger—first
QMU form, making it straightforward to compare different designs (different N and D) once
A, and curl are experimentally constrained.

In short, the Aether torsion tube can be viewed as a QMU analogue of a one-dimensional Krasnikov
tube, recast in terms of Aether torsion rather than stress—energy in Einstein’s equations. It inherits
the conceptual advantages of tube—based shortcuts (no topology change) while relocating the physical
challenge to the excitation and control of high—= torsion modes.

5.3 Relation to torsion gravity and Einstein—Cartan wormholes

The torsion tube is also distinct from torsion in metric-affine and Einstein—Cartan theories [Hehl et al.(1976)Hehl, vo:
Hehl et al.(1995)Hehl, McCrea, Mielke, and Ne’eman, Shapiro(2002), Hammond(2002)]. In those

frameworks, torsion is a property of the spacetime connection, typically sourced by the spin density of

matter fields. It appears in the covariant derivative, affects spin precession and certain high—density

regimes, and, in some models, plays a role in cosmological scenarios [Poplawski(2010)].

Recent work has shown that Einstein—Cartan torsion can help support wormhole throats or modify
their properties [Bronnikov and Galiakhmetov(2015), Soni et al.(2024)Soni, Khunt, and Hasmani,
Sarkar et al.(2024)Sarkar, Sarkar, Dutta, and Rahaman]. In such models, torsion contributes addi-
tional effective stress—energy or modifies the field equations so that wormholes can be sustained
without conventional exotic matter. However, the torsion is still governed by field equations derived
from an action principle, and its magnitude is typically constrained by the spin content of matter.

The Aether torsion tube, by contrast:

e treats torsion as an emergent property of a rotating electromagnetic Aether, encoded in the
universal curl scale curl and in magnetic loading fractions relative to e,?, rather than as a
fundamental spacetime connection component;

o defines torsion intensity = algebraically from QMU ledgers, without immediate reference to
spin densities or curvature tensors;

o introduces a twist number N as a directly engineerable parameter (a count of net Aether—frame
rotations) rather than as an emergent outcome of matter spin distributions.

In that sense, the Aether torsion tube lies orthogonal to Einstein—Cartan wormholes. Where
Einstein—Cartan gravity asks “how does spin source torsion in the connection?”, the Aether Physics
Model asks “how does magnetic loading and twist within the Aether unit manifest as an effective
torsion intensity in the metric?” The two viewpoints may eventually be related by a mapping
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between Aether torsion modes and an effective torsion tensor in a metric—affine geometry, but this
lies beyond the scope of the present toy model.

5.4 Vacuum energy, Casimir wormholes, and metamaterial analogues

The toy torsion tube also sits alongside efforts to use quantum vacuum structure and meta-
materials as proxies for spacetime control. Casimir—supported wormholes and related construc-
tions [Garattini(2019), Garattini(2021), Oliveira and Alencar(2022)] explore whether vacuum fluc-
tuations in constrained geometries can produce the stress—energy needed to stabilize small wormholes
or modify effective potentials. In such models, the relevant control parameters are plate separations,
boundary conditions, and material properties that shape the vacuum mode spectrum.

Transformation optics [Leonhardt(2006), Pendry et al.(2006)Pendry, Schurig, and Smith] provides
a different analogue: by engineering spatial profiles of permittivity and permeability, one can design
materials in which electromagnetic waves propagate as if in a curved spacetime. Optical cloaks and
optical wormholes in metamaterials are examples where the effective metric for light is tailored to
produce specific path-length and ray—tracing behaviors.

The Aether torsion tube can be interpreted as a conceptual cousin of these analogues:

o like Casimir models, it suggests that structured electromagnetic environments (here, Aether
torsion modes rather than vacuum plates) can alter effective path lengths;

o like transformation optics, it treats a spatially dependent control parameter (here =(Z) rather
than an index of refraction) as a way to program geodesic behavior.

The key difference is again the ledger—first Aether viewpoint. Where metamaterials use n(z) and
e(x), u(r) as design knobs, the torsion tube uses the QMU combination of A, curl, mg, €,2, and
N as its design space. Engineers contemplating an “Aether metamaterial” would therefore think
not in terms of index profiles, but in terms of achievable torsion intensities = and twist numbers N
within the Aether medium.

5.5 Metrology, design space, and torsion grappler feasibility

From an engineering standpoint, the most important outputs of the toy torsion tube are:

1. the explicit relationship between torsion intensity and path shortening,

Deg 1
= = , 73
/ D V1422 (73)
2. the scaling of Z2 with loading and twist,
2 2 2 4 b 2
B =EjoualV" = ( tu2e> N7, (74)
€a
3. and the torsion energy scaling,
Eiors o< Ay curlZNQ/ﬁ. (75)

These relations define a design space in the (Ejoaq, IV, ﬁ) parameter volume:
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« For a desired shortening factor f, the required twist number obeys N2 ~ f=2 — 1 at full
loading. Even a modest two-order—of -magnitude shortening (f = 0.01) demands N ~ 102

e For fixed N and D, the torsion energy is proportional to Aycurl?; thus any experimental
calibration of A, and curl immediately sets a QMU scale for Fiqops.

e For fixed Z and N, the dimensionless length D=D /Ac determines the torsion energy per
unit proper length; short laboratory tubes (centimeter to meter scales) have D many orders
of magnitude larger than unity, which tends to suppress Fiors at fixed N in QMU units.

Within this design space, the torsion grappler concept—a device that latches onto distant Aether
regions via controlled torsion tubes—can be decomposed into a sequence of metrological and
engineering milestones:

1. Small-= regime: Demonstrate that laboratory apparatus can excite and measure torsion
=2

intensities £° < 1 in well-defined geometries (e.g. torsion cavities, magnetically loaded
materials), and verify that path-length and phase shifts scale as predicted by the toy metric.

2. Calibration of A, and curl: Use curl metrology across materials to constrain curl and
combine this with Ledger One to determine A, in QMU. This converts qualitative statements
about “large Z” into quantitative statements about specific torsion energy budgets.

3. Intermediate = and controlled N: Engineer configurations with controlled twist number
N (for example, by stacking or phasing multiple torsion cavities) and measure f(=Z, N) via
chronovibrational clocks, phase-linked resonators, or interferometers. Null results in this
regime constrain (Zja4, V) and carve out excluded regions of design space.

4. Extrapolation to macroscopic tubes: Only after the small and intermediate = regimes are
characterized in QMU does it become meaningful to extrapolate to tubes spanning planetary
or lunar distances. At that stage, the viability of an Earth—Moon torsion grappler is decided
not by speculative estimates, but by measured values of A,, curl, e,?, and the practically
achievable IV in realistic Aether media.

In this way, the toy torsion tube acts less as a speculative shortcut proposal and more as a metrological
framework for organizing experiment and design. Engineers can use (Zjaq, IV, ﬁ) plots, together
with calibrated values of A, and curl, to determine whether a given device concept lies in the
experimentally allowed region, in a region already excluded by null results, or in a region that would
require new physics or materials beyond current Aether models.

5.6 Outlook and possible extensions

Several extensions of the present work suggest themselves:

e Higher—dimensional torsion tubes. The one-dimensional metric can be embedded into a
3+ 1 QMU spacetime by adding transverse coordinates and studying how torsion tubes couple
to surrounding Aether, including possible focusing or guiding of geodesics into the tube.

« Dynamic torsion and wave modes. Time-dependent torsion intensities Z(#,%) could
model torsion waves or pulsed torsion grapplers, allowing resonance phenomena and energy
transfer between Aether modes and matter.

o Effective mapping to torsion gravity. It may be possible to construct an effective torsion
tensor in a metric-affine framework that reproduces the QMU torsion tube metric, providing
a bridge to Einstein—Cartan theories and allowing comparison with existing constraints on
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torsion from astrophysical and laboratory data.

e Aether metamaterials. Inspired by transformation optics, one can imagine engineered
media whose internal structure tunes Zj,.q and N in a spatially patterned way, effectively
realizing Aether analogues of optical lenses, cloaks, or waveguides.

Each of these directions preserves the ledger—first character of the present model: all new construc-
tions must close on QMU ledgers built from A, curl, m,, €2, and the fundamental chronovibrational
parameters me, Ac, and F;. The one-dimensional torsion tube introduced here is therefore best
understood as a baseline, providing a clear geometric and metrological template against which more
elaborate Aether geometries can be measured.

In summary, placing the Aether torsion tube alongside wormholes, warp drives, Krasnikov tubes,
torsion gravity, Casimir wormholes, and transformation—optics analogues reveals both familiar and
novel features. Like its general-relativistic cousins, it shortens effective paths and widens local
light cones along a tube; unlike them, it is formulated entirely in QMU, parameterized by Aether
torsion ledgers, and explicitly designed to interface with a metrological program. Whether future
experiments find large, controllable torsion intensities = in actual Aether media is an empirical
question; this paper provides the ledger and geometric framework needed to interpret such results
and to determine, in a quantitative and engineering-relevant way, whether torsion grapplers and
macroscopic Aether tubes reside within the physically accessible design space of the Universe.
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A Experimental Calibration Strategy for the Aether Torsion Sector

The toy torsion tube metric isolates the structure of the torsion sector in QMU but leaves the overall
scale of the Aether unit A,, the curl scale curl, and the maximum Aether magnetic charge e,? to
experiment. This appendix outlines a concrete calibration strategy, expressed entirely in QMU, that
could in principle determine or bound these quantities and thereby turn the torsion tube from a
purely kinematic construction into a metrological program.

A.1 Step 0: Prerequisite QMU anchors

The Aether Physics Model assumes that the following QMU quantities are already anchored by
existing spectroscopic, mechanical, and gravitational data:

e the electron mass me,

e the Compton length Ao,

 the quantum frequency Fy,

o the gravitational constant G (entering through m,,),
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« the electrostatic charge e?,

« and the electron maximum magnetic charge squared €cmax>-

From these, the universal curl scale is defined as

e 2
1 = emax 76
curl = = (76)

and the maximum Aether mass follows from

Ac® F2
me = 241 = (77)
Ledger One then ties A, and curl to chronovibrational propagation:
A, -curl = F2N\2 (78)

At this stage, the combination A, curl is fixed, but A, and curl separately remain open to experimental
refinement.

A.2 Step 1: Curl metrology via a torsion hardness index

A first experimental target is to test the universality of the curl scale and to extract an effective value
for curl from macroscopic magnetic systems. Consider a family of high—coercivity, single-domain
ferromagnets or ferrimagnets prepared as elongated samples with well-controlled geometry and
domain structure.

The goal is to probe the torsional response of these samples when driven by oscillating magnetic
fields whose magnetic charge participation can be estimated in QMU. For each sample, define a
dimensionless curl hardness index

measured peak torsional response

chrl = (79)

magnetic loading fraction

where:

e the numerator is a dimensionless measure of torsional strain, phase lag, or mechanical twist
induced by the drive (normalized by sample size and drive amplitude),

e the denominator is the fraction of the available electron magnetic charge Comax > effectively
participating in the ordered magnetic state.

In the Aether Physics Model, the universality of the mass—to—magnetic—charge ratio at maximum
loading implies that, in the fully saturated limit,
HM o curl, (80)

curl

By measuring H.,,1 across different materials, frequencies, and geometries, and extrapolating to full
magnetic ordering, one can test the universality of curl and assign a QMU value to it up to a chosen
proportionality convention. Any deviation from universality would signal either species—dependent
corrections to the curl ledger or incomplete control of the loading fraction.
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A.3 Step 2: Aether unit calibration from Ledger One

Once curl is constrained by curl metrology, the Aether unit A, follows directly from Ledger One,

E2 NP
curl

A, =

(81)

Here Fy\¢ is fixed by chronovibrational kinematics (atomic transition frequencies and photon
propagation in low—density cavities, expressed in QMU), and curl is supplied by Step 1.

Consistency checks are available by repeating the curl metrology with different species (electronic,
nuclear, or composite magnetic systems) and verifying that the inferred A, remains invariant. If
the measured A, depends on the species or geometry beyond expected systematic uncertainties,
this would indicate that the simple Ledger One decomposition needs refinement.

A.4 Step 3: Maximum Aether magnetic charge and torsion loading

With A, and curl anchored, the maximum Aether mass m, from (77) and the definition of the

maximum Aether magnetic charge
32
2 _ meg )\C Fq
= —F 82
€aq Au ( )
determine the QMU value of e,? associated with a fully loaded Aether unit. Combining (77), (81),
and (82) yields

. AP FS NS FE NS E NS FS culd R (83)
“ G A, G F2 A% /curl G '
Thus e,? is fixed in QMU once curl is known.
This, in turn, fixes the torsion loading factor
2
—_ q
‘:‘12oad = tuge’ (84)

€aq

where qfube is the effective magnetic charge squared participating in the torsion mode within a given
tube geometry. The torsion intensity for that tube is then

2
—_ —_ q
:2 - ‘—‘120ad N2 = ( tuge> N27 (85)

where N is the net twist number of the Aether frame along the tube.
At this stage, all quantities entering the torsion tube metric and the path—shortening factor

1
= V1+E2? (86)

are expressed in terms of experimentally constrained QMU primitives.
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A.5 Step 4: Dynamic torsion tubes and null tests

With A, curl, and e,? calibrated, one can proceed to direct tests of the torsion tube metric in
controlled laboratory geometries. Candidate setups include:

e Phase-linked Aether cavities. Construct two or more high—() resonant cavities connected
by a candidate torsion tube (a region engineered to support a large N and known qgube).
Compare phase and group delay for chronovibrational signals traversing the torsion tube
versus a torsion—free reference link. In the small-Z regime, deviations should scale as =2 and
follow the path-shortening relation f ~ 1 —Z2/2.

e Chronovibrational clock arrays. Deploy synchronized clocks inside and outside regions of
high torsion intensity Z. Over many Fq_1 intervals, monitor tick count differences and phase
drift. The torsion tube model predicts that clocks coupled to geodesics in high—= tubes will
accumulate different effective path lengths per tick relative to reference clocks, in a way that
can be modeled entirely in QMU.

e Interferometric geodesic probes. Build particle or photon interferometers whose arms are
partially embedded in candidate torsion tubes. Differential phase shifts between arms provide
a direct probe of Deg and the null cone widening inside the tube. In the small-= regime, the
phase difference should again scale as =2 and be consistent with the predicted f(Z, N).

Early experiments are expected to operate in the regime Z? < 1, where the metric deformation is
close to unity and path—shortening effects are perturbative. Null results in this linear regime would
place upper bounds on Zj,,q and on combinations of (qtzube, N) accessible to a given apparatus,
without falsifying the torsion tube model itself. Conversely, any positive signal consistent with the
predicted scaling would provide the first direct calibration of = in QMU.

A.6 Step 5: From bounds to torsion grappler design space

Even in the absence of a detected signal, combining;:

1. curl metrology across materials (Step 1),
2. Ledger One calibration of A, (Step 2),
3. and torsion tube null tests in controlled geometries (Step 4)

would carve out a quantitative design space for torsion grappler concepts. Regions of (Ejpaq, IV, D)
parameter space excluded by experiment define hard limits on achievable path shortening f, while
any open regions identify targets for more ambitious Aether tube prototypes.

An engineer designing a torsion grappler can then proceed as follows:

e Choose a target shortening factor f and tube length D, and compute the required torsion
intensity = and twist number N from

1 —2 =
f= \/ﬁ’ 52 = ‘:'120adN2‘ (87)

« Use calibrated values of A,, curl, and e,? to estimate the torsion energy

N? . D
E T Au 12 X D — T
tors OC cur B o (88)
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and compare this to the energy budgets and material tolerances of candidate devices.

o Check whether the required (Ejoaq, NV, 15) lies within the region already excluded by null
experiments, within an unconstrained region accessible to future experiments, or far beyond
any plausible extension of current Aether technologies.

In this way, the experimental calibration strategy does not merely seek a yes/no answer to the
existence of Aether torsion tubes. Instead, it defines a continuous space of possibilities in QMU,
bounded from below by measured curl and Aether constants and from above by torsion tube
experiments. The torsion grappler concept then becomes an engineering search within this calibrated
design space: if experimentally accessible values of Zjpaq and N admit f < 1 for realistic ﬁ, torsion
tubes become a practical Aether technology; if not, the same metrology program will have quantified,
in ledger—first form, the fundamental limits on path shortening in the Aether Physics Model.
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