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Abstract

This paper extends the Torsion Filament Law, previously developed for supermassive compact
objects and their nonthermal radio filaments, to intergalactic filaments within the cosmic web
using Quantum Measurement Units (QMU) and the Aether Physics Model (APM). The law,
adapted for cylindrical geometry, quantifies the number of torsion substructures N(r) as

N(r) = 1
2π

√
ma r

λC Menc(r) ,

where ma is the Aether maximum mass, λC the Compton wavelength, r the filament half-width,
and Menc(r) the enclosed mass in a cylindrical segment. This follows from the gravitational–
torsion ledger, which links the length density Λ = Menc(r)/r to the Aether torsion–energy scalar
curl2Au through

curl2Au = 2 G Λ , G = λC
3Fq

2

ma
.

Angular spacing is ∆ϕ = 2π/N(r), and helical orientations are encoded in an EM–Aether coupling
between distributed charge flows and the background torsion field. Applications to typical cosmic
filaments (widths 0.3–1.5 Mpc, masses 1014–1016 M⊙) predict N ≈ 6–20, in broad correspondence
with multi-stream flows (5–17+) in cosmological simulations. For a recently reported rotating
filament (length ∼ 15 Mpc, thin sub-string ∼ 0.035 Mpc wide, hosting ∼ 280 galaxies), the ledger
yields N ≈ 10–19, consistent with the observed 14-galaxy rotating string interpreted here as
torsion windings. In this picture, the substructures are Aether torsion channels whose geometry
is primary; baryonic plasma and galaxies trace these channels but do not create them. The
Torsion Filament Law therefore offers a unified, ledger-based account of filament multiplicity
and helicity over many decades in scale. Predictions are falsifiable via future spectroscopic
and weak-lensing surveys such as DESI and Euclid. An appendix provides an SI-formulated
adaptation for mainstream applications; the main text remains in QMU.

Keywords: QMU; APM; Aether; torsion filaments; cosmic web; intergalactic filaments; multi-stream
flows; helical structures; rotating filaments; relativistic potential

1 Introduction

Institutional attribution follows the QADI reference identity Thomson III [2025a]. The Aether
Physics Model (APM) posits a quantized Aether medium with intrinsic torsion curl and rotating
structure Au, providing a ledger-based framework for unifying quantum and macroscopic phenomena
in Quantum Measurement Units (QMU) Thomson [2025b,a]. In this framework, the Aether unit is
a rotating, loxodromic structure whose intrinsic rotational and torsional degrees of freedom govern
the propagation of electromagnetic fields and the organization of matter over a vast range of scales.

Previous work applied this structure to the environments of supermassive compact objects such as
Sgr A* and M87* and to the Galactic Center nonthermal radio filaments Thomson III [2025b,c],
Thomson [2025c]. There, the Torsion Filament Law related the number, angular spacing, and
curvature of filaments to a gravitational–torsion ledger in which the Aether torsion scalar curl2Au

couples to a length density Λ defined by the enclosed mass. The resulting predictions for filament
counts and angular separations around Sgr A* and M87* were shown to be consistent with observed
radio structures and their relativistic potentials.

The present paper extends that law from quasi-toroidal environments near compact objects to
cylindrical intergalactic filaments in the cosmic web. The cosmic web comprises vast filaments
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of dark matter, gas, and galaxies, with lengths of order 10–250 Mpc and characteristic widths
evolving from ∼ 0.3 Mpc at z ∼ 2 to ∼ 1.0–1.5 Mpc at z ∼ 0 Yang et al. [2025], Tuominen et al.
[2025]. These filaments are not uniform: numerical simulations and observations reveal multi-stream
flows, sub-filaments, and twisted structures whose origin is not fully captured by standard ΛCDM
descriptions Ramsoy et al. [2015], Arag’on-Calvo et al. [2010], Gal’arraga-Espinosa et al. [2025].

Recent discoveries of filaments hosting coherent galaxy rotation along thin sub-strings deepen this
puzzle. A specific case—a ∼ 15 Mpc filament containing a razor-thin sub-string ∼ 0.035 Mpc wide,
populated by 14 co-rotating galaxies and ∼ 280 galaxies in total—has been interpreted as preserving
primordial angular momentum on intergalactic scales University of Oxford [2025], Reuters Staff
[2025], Space.com Staff [2025]. Within ΛCDM, such organized helicity is difficult to reconcile with
the expected stochastic nature of tidal torques and mergers Dave et al. [2025], Hasan et al. [2025].

Within APM, these features are reinterpreted as the manifestation of extended Aether torsion
channels. The torsion scalar curl imprints helicity on distributed charge and mass flows. Baryonic
plasma, dark matter, and galaxies trace these torsion channels rather than generating them. The
Torsion Filament Law, recast for cylindrical geometry, predicts:

1. the number N(r) of torsion substructures (streams, strands, or galaxy strings) as a function
of filament half-width r and enclosed mass Menc(r),

2. the angular spacing ∆ϕ(r) = 2π/N(r) between substructures around the filament axis, and
3. the sign and degree of helicity via EM–Aether coupling to background torsion.

This paper proceeds as follows. Section 2 reviews the relevant QMU ledger identities and the
gravitational–torsion ledger used to define the torsion–energy scalar. Section 3 presents the ledger
closure check anchored in the Aether rotational self-identity. Section 4 derives the cylindrical Torsion
Filament Law and its scaling with length density. Section 5 applies the law to representative cosmic
filaments and to the recently reported rotating filament, emphasizing falsifiable predictions for
substructure counts and angular spacing. Section 6 compares these results with multi-stream flows
in simulations, discusses observational tests, and outlines future extensions. An appendix gives an
SI-adapted version of the law for mainstream cosmology.

2 APM Framework and QMU Ledger

2.1 QMU base units and cosmic scaling

In QMU, the fundamental ledger atoms include the electron mass me, the quantum length λC

(Compton wavelength), the quantum frequency Fq, and distributed charge quanta associated with
electrostatic and magnetic charge Thomson [2025b]. The Aether unit Au represents a quantum
rotating magnetic field with intrinsic torsion curl and satisfies

Au ≡ kC 16π2,

where kC is Coulomb’s constant in QMU form. The Aether maximum mass ma defines the upper
bound of mass that can be coherently supported within a single Aether unit, with the gravitational
constant G expressed as

G = λC
3Fq

2

ma
. (1)
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This representation eliminates G as an independent constant and anchors gravity in the same ledger
as electromagnetism and Aether rotation.

Cosmic structures are described by relating their macroscopic parameters to these QMU atoms. For
a filament of length L and characteristic half-width r, the relevant density is the length density

Λ(r) = Menc(r)
r

, (2)

where Menc(r) is the mass enclosed in a segment of length L and radius r, integrated over the dark
matter, gas, and baryonic contributions. The length density has dimensions of mass/leng in QMU;
in the ledger sense, it is the natural partner for the torsion scalar curl2Au.

2.2 Ledger identities for gravity and torsion

Several identities are central to what follows:

• Velocity ledger:
c = λC Fq ,

identifying the propagation speed of photons as the product of quantum length and quantum
frequency.

• Gravitational constant ledger:

G = λC
3Fq

2

ma
,

given in Eq. (1), linking gravity to the Aether maximum mass.
• Aether rotational self-identity (Ledger One):

Au curl = Fq
2 λC

2 ,

which asserts that the intrinsic rotation of the Aether unit closes on itself in QMU, yielding a
propagation constant equivalent to c2.

• Gravitational–torsion ledger:

curl2Au = 2 G Λ ,

where Λ is the length density defined in Eq. (2). This expresses the torsion–energy scalar of
the Aether in terms of the line-integrated mass distribution.

The last identity generalizes the role of gravitational potential in standard cosmology. Instead of
describing gravitational effects purely in terms of a scalar potential, the APM formulation emphasizes
torsion: gradients in Λ drive changes in curl2Au, and hence in the torsion geometry that organizes
filaments and sub-filaments.

While detailed mass-to-charge ledgers are essential for microscopic applications, such as nucleon
structure, the present problem is dominated by mass and length density. We therefore collect those
finer charge-based ledgers into an effective dimensionless factor, denoted ΞEM, which enters only in
the helicity coupling discussed below.
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3 Ledger Closure Check

The canonical closure of the Aether rotational identity is expressed by the Ledger One macro:

Au curl = Fq
2 λC

2

This identity represents the Aether Rotational Self-Identity:

Au curl = Fq
2 λC

2 . (3)

Using the velocity ledger c = λCFq, Eq. (3) may be recognized as

Au curl = c2 . (4)

In Maxwellian language, c2 = 1/(µ0ε0), so Eq. (4) shows that Au curl is the QMU decomposition
of the electromagnetic propagation constant into rotational (Aether unit) and torsional (curl)
geometries. The Aether unit Au carries the rotating magnetic field geometry, while curl measures
the torsional content of that rotation.

In filamentary environments, curl is no longer fixed: gradients in length density Λ modify curl
through the gravitational–torsion ledger

curl2Au = 2 G Λ .

However, Eq. (3) remains valid at the level of the underlying Aether unit. This is a closure constraint:
any filament solution must preserve the global identity while redistributing torsion spatially. The
Torsion Filament Law derived below is the cylindrical solution to this constraint, with the length
density controlling the spectrum of allowed torsion channels.

4 Method and Derivation

4.1 Length-density ledger for cylindrical filaments

We idealize an intergalactic filament as a cylinder of half-width r and length L. The enclosed mass
Menc(r) is defined by integrating the local mass density ρ(ρ′, z) over cylindrical shells:

Menc(r) =
∫ L

0

∫ r

0
2πρ′ ρ(ρ′, z) dρ′ dz . (5)

The relevant quantity for torsion is the length density

Λ(r) = Menc(r)
r

, (6)

which captures how rapidly mass accumulates with radius. In APM, Λ acts as a source term for
torsion rather than a source for curvature of an abstract spacetime.

In contrast to quasi-toroidal environments around compact objects, where the radial coordinate
is wrapped around a central mass, here the cylindrical axis itself is extended and the torsion
channels wrap around that axis. The cylindrical adaptation therefore requires a different geometric
normalization but uses the same underlying ledger.
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4.2 Torsion–energy scalar from the gravitational–torsion ledger

The gravitational–torsion ledger postulates that the Aether torsion scalar is proportional to the
length density:

curl2Au = 2 G Λ(r) . (7)

Substituting the QMU form of G from Eq. (1) yields

curl2Au = 2 λC
3Fq

2

ma
Λ(r) . (8)

This shows explicitly how the torsion scalar depends on the ratio Λ(r)/ma, i.e., on how much of the
Aether maximum mass is loaded per unit length at radius r.

Solving for curl gives

curl(r) =
√

2 G Λ(r)
Au

=

√
2 λC

3Fq
2 Λ(r)

ma Au
. (9)

Equation (9) defines a radially dependent torsion field whose amplitude increases with length density.
Higher Λ induces stronger torsion, favoring fewer, more widely separated channels, whereas lower Λ
supports a greater number of channels.

4.3 Curvature scale and the Torsion Filament Law

The torsion field curl defines a characteristic curvature scale k for filaments wrapping the cylindrical
axis. A simple geometric ansatz, consistent with the previous black hole work, takes

k(r) ∝

√
curl(r)

λC
, (10)

so that the curvature magnitude grows with torsion and is normalized by the quantum length. In the
black-hole application, the proportionality constant was fixed by matching Sgr A* and M87* filament
counts and angles; in cylindrical geometry, we retain the same normalization and re-interpret r as
the half-width of the filament rather than the orbit radius.

The number of torsion channels N(r) around the circumference 2πr is then modeled as

N(r) = r k(r)
f

, (11)

where f is a dimensionless calibration factor. Matching to galactic-center filament counts in the
previous work yielded f = 2π, which we retain here for continuity across scales.

Combining Eqs. (10), (9), and (11), using Λ(r) = Menc(r)/r, and eliminating G via Eq. (1), we
obtain

N(r) ∝ r

2π

√√√√ 1
λC

√
2 G Λ(r)

Au
(12)

∝ 1
2π

√
ma r

λC Menc(r) , (13)
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where proportionality constants from the geometric ansatz and the definition of Au have been
absorbed into the calibration fixed by galactic data. The resulting Torsion Filament Law in
cylindrical form is

N(r) = 1
2π

√
ma r

λC Menc(r) . (14)

This expression is dimensionless and depends only on the ratio of the enclosed mass to the Aether
maximum mass, scaled by the half-width in units of λC . It predicts:

• N ∝
√

r: wider filaments support more torsion channels,
• N ∝ 1/

√
Menc: more massive filaments support fewer channels, and

• N is sensitive only to the line-integrated mass distribution, not to its detailed radial profile.

4.4 Angular spacing and helicity

The angular spacing between channels is simply

∆ϕ(r) = 2π

N(r) . (15)

For typical N values in the range 6–20, ∆ϕ lies between 60◦ and 18◦. This range already aligns
qualitatively with the angular separation of multi-stream flows and galaxy strings reported in
simulations and observations.

Helicity arises from the coupling of distributed charge currents to the background torsion. At leading
order, one may write an effective Lagrangian term of the form

Lhel ∝ β ΞEM ΦAether FµνF µν , (16)

where β is a dimensionless coupling parameter, ΞEM encodes the relevant mass-to-charge ledger
factors, ΦAether is an Aether torsion potential proportional to curl, and Fµν is the electromagnetic
field tensor Thomson III [2025b]. The sign of ΦAether selects the handedness of the helical structures,
while its magnitude controls the coherence length over which helicity is preserved.

In intergalactic filaments, this coupling predicts:

1. coherent spin alignments of galaxies along torsion channels,
2. preferential handedness of galaxy rotation axes within a filament,
3. possible correlation between filament-scale helicity and large-scale polarization of background

radiation.

These signatures provide observational handles for testing the APM interpretation.

The coupling parameters β and ΞEM can be calibrated from observed galactic helicity signatures
or constraints on primordial magnetic fields (PMFs) Pomakov et al. [2022], enhancing the model’s
falsifiability by linking to cosmic birefringence measurements and rotation measures in intergalactic
media.

5 Results
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5.1 Typical cosmic filaments and multi-stream flows

To evaluate Eq. (14) for typical cosmic filaments, we adopt representative half-widths and enclosed
masses motivated by numerical studies Yang et al. [2025], Tuominen et al. [2025], Gal’arraga-Espinosa
et al. [2025]. For a fiducial filament at low redshift with half-width

r ∼ 0.75 Mpc

and enclosed mass
Menc ∼ 1015 M⊙ ,

the Torsion Filament Law gives
N(r) ≈ 20 , (17)

up to order-unity uncertainties in the precise mass loading and the calibration factor inherited from
galactic data.

For narrower filaments, characteristic of higher redshift (z ∼ 2), one may take

r ∼ 0.15 Mpc, Menc ∼ 1014 M⊙ ,

yielding
N(r) ≈ 9–12 . (18)

Conversely, for highly massive filaments with

Menc ∼ 1016 M⊙ ,

and half-widths comparable to the fiducial case, the law predicts

N(r) ≈ 6–8 . (19)

These ranges are consistent with multi-stream flow counts reported in large cosmological simulations
such as TNG and MillenniumTNG, where the number of distinct velocity streams crossing a filament
cross-section typically lies between a few and ∼ 20 Ramsoy et al. [2015], Arag’on-Calvo et al.
[2010], Tuominen et al. [2025]. In the APM interpretation, these streams correspond not merely to
stochastic flow patterns but to discrete torsion channels enforced by the Aether ledger.

5.2 Rotating filament with a thin galaxy string

The recently reported rotating filament, of length ∼ 15 Mpc and containing a thin sub-string
∼ 0.035 Mpc wide populated by 14 co-rotating galaxies and ∼ 280 galaxies overall University of
Oxford [2025], Reuters Staff [2025], Space.com Staff [2025], provides a particularly stringent test.
Interpreting the thin sub-string as one of the torsion channels predicted by Eq. (14), we take

rsub ∼ 0.0175 Mpc ,

and an enclosed mass
Menc ∼ 2.8 × 1014 M⊙ ,

allowing for dark matter and gas contributions beyond the visible galaxies. The Torsion Filament
Law then yields

N(rsub) ≈ 10–19 , (20)
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bracketing the observed 14-galaxy string. The angular spacing

∆ϕ(rsub) = 2π

N(rsub) ≈ 18◦–36◦ (21)

is consistent with a picture in which the 14 galaxies occupy distinct torsion channels that wrap the
filament axis with a helical pattern.

Within APM, the key point is that this structure is not an accident of initial conditions or merger
history but a ledger-enforced multiplicity: given the width and mass loading of the filament, the
torsion field must organize into a discrete set of channels, and galaxies naturally condense and align
along these channels.

5.3 Summary table

For convenience, Table 1 summarizes the illustrative parameter choices and the corresponding
predicted N(r) ranges, along with representative observational or simulated features.

Filament type r (Mpc) Menc (M⊙) N(r) Pred. ∆ϕ (deg) Representative feature
Typical low-z 0.75 1015 ∼ 20 ∼ 18 5–17+ streams in simulations
Narrow, high-z 0.15 1014 ∼ 9–12 ∼ 30–40 Early sub-filament structure
Massive, dense 0.75 1016 ∼ 6–8 ∼ 45–60 Fewer, thicker streams
Rotating filament 0.0175 2.8 × 1014 ∼ 10–19 ∼ 19–36 14-galaxy rotating string

Table 1: Illustrative filament parameters and Torsion Filament Law predictions. The N(r) ranges
reflect uncertainties in mass loading and calibration but remain within a narrow band that overlaps
observed multi-stream flow counts and the rotating 14-galaxy string. The predicted ∆ϕ emphasizes
angular spacing as a key observable.

6 Discussion

6.1 Comparison with ΛCDM and multi-stream flows

In standard ΛCDM, multi-stream flows arise from the folding of collisionless dark matter sheets
in phase space. The number of streams crossing a given location depends on the merger history
and tidal torques acting on the region Ramsoy et al. [2015], Arag’on-Calvo et al. [2010]. While this
picture explains the existence of filaments and knots qualitatively, it does not provide a simple,
predictive relationship between filament width, enclosed mass, and the number of substreams.

The Torsion Filament Law fills this gap by relating N(r) directly to ma, λC , and Menc(r) through
Eq. (14). In this view, the multi-stream counts seen in simulations are manifestations of an
underlying torsion ledger, even if the simulations themselves do not explicitly include APM physics.
One may treat the measured N(r) from simulations as empirical constraints on the ratio ma/λC

and on the effective mass loading of filaments.

The rotating filament with its 14-galaxy string is especially challenging for purely stochastic tidal-
torque models Dave et al. [2025], Hasan et al. [2025]. The APM interpretation is simpler: the galaxy
string is a torsion winding, one channel among the N(r) mandated by the ledger, and its coherence
reflects the underlying Aether structure rather than finely tuned initial conditions.



7 CONCLUSION 9

6.2 Falsifiable predictions for surveys

The Torsion Filament Law yields several testable predictions:

1. Scaling of N with width and mass. For a sample of filaments with measured widths and
mass estimates from weak lensing, N(r) should scale approximately as

√
r/Menc according to

Eq. (14). Deviations from this scaling, after accounting for projection and selection effects,
would challenge the cylindrical torsion ansatz.

2. Discrete channel counts. The distribution of stream counts should show clustering near
integer N values predicted by reasonable ranges of Menc and r. Extremely large or continuously
varying N beyond the predicted ranges would be difficult to reconcile with a fixed ma.

3. Helicity and spin alignment. Galaxy spin vectors within a filament should exhibit
statistically significant alignment along the torsion channels and a preference for a given
handedness, traceable over large portions of the filament length. Surveys such as DESI and
Euclid, with precise redshifts and shape measurements, are well suited to test this prediction.

4. Redshift evolution. As filament widths grow and their mass loading changes with cosmic
time, N(r) should evolve. High-z filaments are expected to have smaller r and lower Menc,
favoring intermediate N values. Mapping N(r, z) would provide a direct probe of how Aether
torsion channels develop over cosmic history.

Additionally, the model’s helicity predictions could manifest in cosmic birefringence or polarization
rotation measures, potentially linking to primordial magnetic field (PMF) constraints as explored in
inflationary models Pomakov et al. [2022].

6.3 Limitations and future work

The present treatment remains idealized in several respects. First, the cylindrical approximation
neglects ellipticity, braiding, and node structure where filaments intersect. Second, the calibration
inherited from the galactic-center application has been carried over without re-fitting to cosmological
data; a systematic calibration using simulations and surveys is needed. Third, the helicity coupling
is encoded in a single effective parameter β ΞEM, which likely has a richer structure involving the
detailed QMU charge ledgers of baryons and dark matter.

Future work should:

• implement the Torsion Filament Law directly in N -body and hydrodynamical codes using the
QMU form of G and the torsion ledger,

• perform synthetic survey analyses to determine observational biases in measured N(r),
• connect filament-scale torsion helicity to cosmic birefringence and polarization rotation, and
• explore the role of torsion channels in feeding gas and angular momentum into galaxies and

groups at filament intersections.

7 Conclusion

By extending the Torsion Filament Law from quasi-toroidal environments near supermassive compact
objects to cylindrical intergalactic filaments, this paper proposes a unified Aether-based account of
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filament multiplicity and helicity across many orders of magnitude in scale. In QMU, the number
of torsion channels N(r) depends only on the ratio mar/(λCMenc), while the angular spacing and
helicity follow from the same gravitational–torsion ledger that governs galactic-center filaments.

The match between the predicted N(r) and both simulated multi-stream flows and the observed
14-galaxy rotating string suggests that the Aether torsion framework captures a genuine organizing
principle of the cosmic web. Upcoming surveys will be able to test the scaling of N(r) with filament
width and mass, the coherence of helicity, and the redshift evolution of these quantities. Either
confirmation or falsification of these predictions will refine the role of Aether torsion in cosmic
structure formation and further constrain the Aether maximum mass ma and related QMU ledger
atoms.

A SI adaptation of the Torsion Filament Law

For comparison with mainstream cosmology, the Torsion Filament Law may be expressed in SI
units by writing the QMU identities in terms of c, G, and standard astrophysical parameters. Using
c = λCFq and G = λC

3Fq
2/ma, Eq. (14) can be recast as

N(r) = 1
2π

√
c2 r

G Menc(r) , (22)

where r is the filament half-width in meters and Menc(r) is the enclosed mass in kilograms. This
expression is algebraically equivalent to the QMU version but uses the SI representations of c and G.

For the rotating filament example described in the main text, inserting the observationally inferred
values of r and Menc into this SI form yields N ≈ 10–19, consistent with the 14-galaxy string.
Similarly, typical low-redshift filaments with widths in the range 0.3–1.5 Mpc and masses 1014–
1016 M⊙ give N values that align with multi-stream flow counts in ΛCDM simulations. In this way,
the SI adaptation provides a bridge between the QMU/Aether description and standard cosmological
analyses while making clear that the underlying organizing principle resides in the QMU ledger.
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