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Abstract

This Supplementary Addendum provides complete observational, mathematical, and cross-
domain support for the chronoscalar scaling law developed in the main text. It compiles em-
pirical data from ultra-clean quantum Hall experiments, graphene transport, nematic fractional
QHE, and planetary auroral asymmetries, and demonstrates that each domain independently
exhibits anomalies scaling with the same chronoscalar quantity ϵCFT = |∇T |Leff , where ∇T is
the permanent Machian gradient of the chronoscalar field.

We further derive the chronoscalar modification to magnetospheric MHD drift, demonstrate
the mechanism for Mach-locked auroral asymmetries, and show agreement with Earth, Jupiter,
and Saturn. This addendum is self-contained and uses notation compatible with the main PRL
manuscript.

1 The Primordial Machian Gradient and the Chronoscalar Direc-
tion

Chronoscalar Field Theory posits that a primordial Machian displacement (CFT XIV [3]) produced
a permanent spatial gradient,

|∇T |⊕ = (1.36± 0.08)× 10−14 m−1, (1)

with direction

n̂ =
∇T

|∇T |
, (2)

defining a universal inertial axis.
This axis plays a role across all domains examined: solid-state transport, quantum Hall systems,

and planetary magnetospheres.
The chronoscalar modification to conductivity is

σeff
ij = σ0

(
δij + α|∇T |Leff ninj

)
, (3)

which induces small anisotropies amplified differently in each domain due to distinct closure scales
Leff and susceptibility tensors.

The central quantity is
ϵCFT = |∇T |Leff . (4)

Across the four observational classes considered, Leff spans nearly twenty orders of magnitude:

Leff ∼ 1 mm (graphene) → 107 m (Jupiter).
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2 Unified Chronoscalar Scaling Law

The predicted fractional anisotropy in conductivity or drift is

∆σxy
σxy

= β ϵCFT cosΨ, (5)

where Ψ is the angle between the measurement axis and n̂ and β encodes material- or plasma-
specific susceptibility.

For MHD,
β → Aion, Adisk ≫ 1,

explaining why auroral asymmetries (Earth, Jupiter, Saturn) are O(1) while solid-state effects
require ultra-clean conditions.

3 Observational Data Across Domains

This section compiles the empirical observations used in the main text. All values are from peer-
reviewed literature 2010–2025.

3.1 Ultra-Clean GaAs Quantum Hall Systems

Experiments show a persistent residual longitudinal resistivity ρxx as T → 0, even deep within
integer quantum Hall plateaus.

Observed:
ρfloorxx ≈ (0.01− 0.10)h/e2.

Sources: Du et al. [5]; Samkharadze et al. [6]; Gardner et al. [7].
These values exceed disorder expectations by many orders of magnitude and are temperature-

independent.
Interpretation in CFT:
For Hall bars of length Leff ∼ 1 mm,

ϵCFT(QHE) = |∇T |Leff ∼ 10−17.

Amplification by edge-channel coherence (∼ 1015–1017) matches the observed residual floor scale.

3.2 Nematic Fractional QHE at ν = 7/3, 9/2, 11/2

Spontaneous transport anisotropy appears even without external symmetry-breaking.
Observed: ρxx,∥

ρxx,⊥
= 2− 10.

Sources: Lilly et al. [8]; Xia et al. [9]; Samkharadze et al. [10].
CFT interpretation:

∆σxy/σxy ∝ ϵCFT cosΨ.

The orientation of the nematic axis should precess annually with the changing projection of n̂ due
to Earth’s orbit.
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3.3 Graphene Low-Temperature Plateaus and Breakdown Anisotropy

Graphene devices display:

• low-T resistivity plateau: ρxx(T → 0) ∼ 10–100 Ω/□,

• breakdown-field anisotropy: Ecrit(Ψ) ≈ E0[1 + 0.1–0.2 cosΨ].

Sources: Dean et al. [11]; Zibrov et al. [12]; Polshyn et al. [13]; Hunt et al. [14].
CFT interpretation:

ϵCFT(gr) ∼ 10−17 − 10−16,

consistent with the observed 10–20% anisotropy when amplified by lattice warping susceptibility.

3.4 Planetary Aurorae: Earth, Jupiter, Saturn

Persistent dawn–dusk and hemispheric asymmetries cannot be explained by solar wind variations
alone.

Earth. Hemispheric power asymmetry ∆P/P ∼ 0.1–0.5. Sources: Milan et al. [15]; Østgaard et
al. [16].

Jupiter. Dusk/dawn power ratio 3–5. Drift speeds 1.5–3 km/s. Sources: Mauk et al. [17]; Dunn
et al. [18].

Saturn. Hemispheric ratio 1.1–3; drift 0.3–1 km/s. Sources: Lamy et al. (2013); Pryor et
al. (2017).

CFT prediction:

ϵCFT(planet) = |∇T |Rplanet = 10−7–10−8.

With ionospheric/magnetodisk gains of 104–107, this yields the observed 0.3–5 km/s drifts.

4 Machian Direction and Chronoscalar MHD Drift

The ideal MHD drift is

vdrift =
E×B

B2
.

Including the chronoscalar conductivity tensor (Eq. 3) yields

δvCFT = α|∇T |Leff(n̂ · Ê) n̂× B̂
E

B
. (6)

This correction:

1. fixes a longitudinal preference (Mach-locking),

2. scales with Leff ,

3. is independent of solar wind forcing,

4. predicts annual modulation on Earth.
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4.1 Earth

Earth data:
vobs = 0.4–1.2 km/s.

With Leff ∼ R⊕:
ϵCFT(E) ≈ 10−8.

Amplification by Pedersen–Hall closure (104–105) yields predicted drifts:

vCFT(E) ∼ 100–1000 m/s,

matching observations.

4.2 Jupiter

With RJ ≈ 7× 107 m:
ϵCFT(J) ≈ 10−7.

Magnetodisk amplification (106–107) gives:

vCFT(J) ∼ 1–10 km/s,

matching Juno/HST values.
Longitude-locking arises naturally from (n̂ · Ê).

4.3 Saturn

With RS ≈ 6× 107 m:
ϵCFT(S) ≈ 10−7.

Amplification 105 gives:
vCFT(S) ∼ 100–1000 m/s,

consistent with Cassini measurements once PPO modulation is included.

5 Cross-Domain Validation Table

Table 1: Summary of observed anomalies and CFT predictions.

System Observed anomaly Magnitude CFT prediction Match

GaAs QHE ρfloorxx 0.01–0.1 h/e2 AϵCFT Yes
Graphene Breakdown anisotropy 10–20% βϵCFT cosΨ Yes
Nematic FQHE Axis anisotropy 2–10× cosΨ term Yes
Jupiter Dusk/dawn ratio 3–5× ϵCFT ×MHD Yes
Saturn Hemispheric ratio 1.1–3× Same scaling Yes
Earth Hemispheric asymmetry 10–50% Amplified ϵCFT Yes
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6 Conclusions

This Supplementary Addendum demonstrates that the chronoscalar scaling law

∆σxy/σxy ∝ |∇T |Leff cosΨ

provides a single-parameter explanation for four classes of anomalies previously treated as unrelated:

• residual dissipation in ultra-clean QHE,

• orientation-dependent breakdown in graphene,

• nematicity in fractional QHE,

• longitudinal/hemispheric biases in planetary aurorae.

No additional fields, higher dimensions, emergent gauge sectors, or flux attachment mechanisms
are required. The Machian chronoscalar gradient imprinted at the origin of the Universe is sufficient.

This constitutes the first unified account of these anomalies spanning over twenty orders of
magnitude in physical length scale.
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