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Abstract

The runaway supermassive black hole RBH-1 (z ~ 0.96) presents a fiducial single-phase strong-shock tension: JWST
spectroscopy resolves a 650 km/s position—velocity span across approximately 1 kpc in a cold, star-forming system. Higher-
resolution Keck/LRIS spectroscopy of the near-tip [O IlI] knot yields a narrow intrinsic dispersion (o0 ~ 31 +4 km/s),
constraining the warm [O III]-emitting phase well below the o ~ 80-85 km/s scale of a T ~ 107 K post-shock flow (while a
separate X-ray-hot plasma phase is tested independently). Standard single-phase shock physics predicts post-shock
temperatures T ~ 107 K, yielding a cooling time that exceeds the dynamical time by a factor of ~30. Yet the wake exhibits

immediate star formation and extreme collimation (50:1 aspect ratio over 62 kpc).

RBH-1 is explored as a candidate Temporal Topology soliton/wake interpretation: a coherent region of altered proper-time
rate whose Temporal Shear supplies a conservative body force. The corpus-wide endpoint theorem excludes the former
assignment of the full velocity span to an apparent conformal redshift: |[Aln A| ~ Av/c ~ 2.2 x 10~ would accelerate
universally coupled gas to approximately 1.97 X 10% km/s. The dynamically consistent assignment instead treats the resolved
span as coherent matter motion and applies the work integral in the profile frame. It requires a depth of order 10°S:
2.35 x 107% for the stated rest-entry normalization and 4.55 x 1075 for a collinear benchmark using the published 954
km/s pattern speed. Either value is hundreds of times shallower than the excluded endpoint assignment and permits a small
local dispersion when the shear is spatially coherent. The same scalar sector enhances the effective gravitational coupling
behind the front, reducing the effective Jeans mass without identifying the resolved bulk velocity span with microscopic thermal
motion.

The characteristic temporal scale Ry, calibrated from terrestrial GNSS correlations (Smawfield 2025g), is applied as a
consistency check rather than as proof that RBH-1 is a soliton. For RBH-1 (M ~ 2 x 107M@), the calibration yields
Ry~ 7.8 x 107 km =~ 1.3Rs — a crossover-mass coincidence internal to the theory, since Rr lies ~ 8.6 orders of
magnitude below the resolved scale; while the transition-radius parametrization Ry .ns = ER7 records a measured ratio
Er~4x 108, the forced spherical boundary-value solution on the two-branch kinetic sector independently places the exterior
shear-recovery radius at Ry = \/GM /gy =~ 90 pc (g; = 3.4 x 10710 1 s72), bridging the sub-AU core saturation scale to
the resolved 0.1-1 kpc kinematic onset with zero free parameters. The amplitude of the observed kinematic discontinuity
depends on screening/transition physics (via ORBH eff at Rirans) and is treated as an empirical constraint rather than an
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independent prediction. Specific falsification criteria are outlined; decisive discrimination awaits line-profile decomposition
and X-ray flux limits.

Keywords: black holes: individual (RBH-1) — dark matter — gravitation — scalar fields — temporal equivalence principle

1. Introduction: The RBH-1 Anomaly

Note: This paper does not calibrate TEP and is not part of the primary evidence chain. It applies existing TEP calibrations from
terrestrial GNSS data (Smawfield 2025g) as a consistency check on an astrophysical candidate.

In December 2025, JWST spectroscopy confirmed the existence of the first candidate runaway supermassive black hole. Designated
RBH-1, this object has an inferred mass of approximately 107 M, and a proper motion of v, = 954fﬁg km/s, leaving behind a 62
kpc linear feature of active star formation. The discovery is consistent with theoretical predictions that supermassive black holes can
be ejected from their host galaxies via gravitational wave recoil following a black hole merger (van Dokkum et al. 2025; Campanelli
et al. 2007).

At z =~ 0.96, RBH-1 appears as a luminous streak extending from the galaxy RCP 28 in the constellation Sextans. A bow-shaped
interaction region marks its leading edge, while the wake exhibits active star formation along its entire extent.
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Figure 1: Schematic of the RBH-1 System. Conceptual diagram of the 62 kpc linear wake extending from the host galaxy (RCP 28), the bow-shaped interaction
region at the tip, and the ~650 km/s kinematic step reported by van Dokkum et al. (2023, 2025).

The Observational Puzzle

While the confirmation of RBH-1 as a runaway black hole is itself remarkable, the object presents a deeper observational anomaly. It
appears as a linear streak of light extending 62 kpc (~200,000 light-years) from a distant galaxy (z ~ 0.96). At its tip lies a bright,
bow-shaped interaction region where JWST spectroscopy reveals a sharp kinematic discontinuity: a line-of-sight velocity change of
order ~ 600-650 km/s across ~1 kpc (van Dokkum et al. 2023; van Dokkum et al. 2025).

In a purely hydrodynamic picture, a compact perturber moving at v ~ 10 km/s through circumgalactic gas would be expected to
drive a strong bow shock and turbulent wake, producing post-shock temperatures of order 107 K and associated hot-phase emission.
RBH-1 instead exhibits a narrow, structurally coherent wake whose line diagnostics are consistent with gas cool enough to support
ongoing star formation. This creates a fundamental quantitative tension.

Empirical constraints (primary measurements)

Table 1: Fiducial Parameters and Assumptions
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Parameter Value Source Role in Analysis

RBH-1 Mass (M) ~2x10"My van Dokkum et al. (2025) Sets temporal scale

Wake Velocity (Vyake) 9543%2 km/s van Dokkum et al. (2025) Defines shock Mach number
Velocity Jump (Avobs) ~ 600 km/s JWST NIRSpec Primary observable to explain
Wake Radius (R ya1c) ~ 0.7 kpc HST WFC3/UVIS Constrains dynamical time
Ambient Density (ncgm) 103 cm—3 Standard CGM Model Controls cooling efficiency
Characteristic Density (p7) 20g/ cm® Paper 6 (TEP-UCD) External Input (Fixed)
Critical Threshold (tcool/ tdyn) > 1 (Inefficient) Radiative Physics Criterion for "cold" wake

Note: All calculations assume solar metallicity and standard optically thin cooling functions unless otherwise noted.

o Redshift and extent: z ~ 0.96, wake length 62 kpc (van Dokkum et al. 2023; van Dokkum et al. 2025).

o JWST kinematics at apex: Avy,gg ~ 650 km/s across ~1 kpc (~0.10") at the tip (van Dokkum et al. 2025).

¢ Best-fit perturber motion: v, = 954ﬂ%g km/s, inclination ¢ = 29Jjg deg (van Dokkum et al. 2025).
Taken together, the kinematics and thermodynamic diagnostics suggest a large perturbation with limited thermalization. The
following sections frame this tension through two related problems: the Temperature Paradox and the Geometry Problem.

The Cooling Bottleneck

A bow shock at v, ~ 10° km/s corresponds to Mach numbers A4 >> 1 in typical circumgalactic conditions. Standard Rankine—
Hugoniot jump conditions mandate substantial conversion of bulk kinetic energy into thermal energy. For vy ~ 1000 km/s, the
characteristic post-shock temperature is:

~ 2 o 7
Ts ~ mumpvs ~14x10"K (1)

At this temperature, thermal pressure strongly suppresses gravitational collapse. Since the Jeans mass scales as My T3/ 2, raising
the temperature from 100 K to 107 K increases the characteristic collapse mass scale by a factor of 107 (~ 3 x 107), making in-
situ star formation in recently shocked gas difficult without highly efficient cooling.

The Cooling Bottleneck (tco01 > tayn)

The standard resolution invokes rapid radiative cooling, potentially aided by turbulent mixing or thermal instabilities (e.g., Gronke &
Oh 2018). However, the viability of this mechanism is quantitatively constrained by the cooling physics. The following calculation
demonstrates that under fiducial CGM conditions and standard optically thin cooling, the single-phase thermal shock model faces a
severe radiative-cooling timescale tension.

Bremsstrahlung Cooling Time

The thermal energy density of a fully ionized plasma is E = (3/2)nkgT, and the radiative cooling rate per volume is £ = n2A(T')
, where A(T) is the cooling function. At T' ~ 107 K, cooling is dominated by free-free (Bremsstrahlung) emission with contributions
from metal-line cooling, yielding A(T") = 2.5 x 1072 erg cm® s! for solar metallicity (Sutherland & Dopita 1993). The cooling
time is:

F 3ksT
teool = E = m (2)

Substituting the post-shock temperature 7' = 1.4 x 107 K and a post-shock density n = 0.1 cm ™ (this high value is adopted as a
conservative upper bound for a compressed/clumpy phase, distinct from the ambient CGM mean ncgm ~ 1073 ¢cm™3; note that
since teool X 1/m, lower densities would yield even longer cooling times):
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cool —

Dynamical Timescale

3 x (1.38 x 10 P ergK 1) x (1.4 x 10"K)
2 x (0.1cm—3) x (2.5 x 10 ® ergcm3s1)

~ 36 Myr

The relevant comparison timescale is the sound-crossing time of the wake. The post-shock sound speed for a fully ionized plasma (

~ = 5/3, mean molecular weight 4 = 0.6) at 7' = 1.4 x 107 K is:

For the observed wake radius w ~ 0.7 kpc (van Dokkum et al. 2025), the dynamical timescale is:

The Critical Inequality

Cs = ksl ~ 560 kms !
Hmp

w
tayn = — ~ 1.2 Myr
c

s

Comparing these timescales yields the fundamental constraint:

teoot _ 36Myr o
tagm  L2Myr

teool > tayn  (by a factor of ~ 30)

(6)

(7)

This inequality is robust across the plausible parameter space. Sensitivity analysis shows that only at densities 7 > 1 em™® (an order
of magnitude higher than typical circumgalactic values) does the ratio approach unity. While dust-gas collisional cooling can shorten
timescales in some environments, high-velocity shocks (v ~ 1000 km/s) efficiently destroy dust grains via sputtering (Draine &
Salpeter 1979), reducing the efficacy of this pathway in the immediate post-shock region. For fiducial parameters, shock-heated gas at

107 K would expand and rarefy long before radiating sufficient energy to reach star-forming temperatures (T < 10 K).
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Figure 2: Cooling Sensitivity Analysis. The ratio of cooling time to dynamical time (tcool /tdyn) as a function of gas density. For standard CGM densities (n ~ 10 3

c‘n173), the ratio is > 1, indicating a cooling bottleneck.

The Observational Verdict

Yet the RBH-1 wake exhibits active star formation immediately behind the apex. The observed stellar continuum colors are "well-fit
by a simple model that has a monotonically increasing age with distance from the tip" (van Dokkum et al. 2023)—the youngest stars
are at the tip, not 35 kpc behind it where the cooling delay would place them. This creates a fundamental tension:

o If the gas was heated to 107 K, it cannot cool fast enough to form stars (£ceo1/ tayn =~ 30).
o If the gas was never heated, the observed ~ 650 km/s velocity discontinuity cannot arise from a collisional shock.

Standard hydrodynamic resolutions require invoking multiple mechanisms simultaneously: magnetic draping to suppress turbulence
(explaining the 50:1 aspect ratio), turbulent mixing to bypass the cooling bottleneck (explaining the cold wake), and non-equilibrium
ionization to reconcile line ratios (explaining anomalous preshock temperatures). Critically, these mechanisms are dynamically
antagonistic—magnetic draping creates the laminar sheath that suppresses the turbulent mixing required to solve the cooling problem.

This motivates considering a non-thermal driver. It is proposed that the observed velocity discontinuity (~ 650 km/s) may reflect
coherent acceleration by a proper-time gradient—a metric shock in the dynamical, rather than endpoint-redshift, sense. The resolved
centroid span is then real bulk motion organized by Temporal Shear, while the much smaller local line dispersion measures random
and unresolved differential motion. A conservative scalar body force can separate those first and second moments without identifying
the full centroid span with thermal energy.

The Geometry Problem

The wake's geometry is also nontrivial. Hydrodynamic wakes generally broaden with distance: drag induces turbulence, and Kelvin—
Helmbholtz instabilities disrupt linear features, causing them to widen and disperse over time. Yet, the RBH-1 wake remains needle-
thin and coherent over ~200,000 light-years. It does not broaden as a typical turbulent wake; it remains exceptionally collimated.

This linearity has motivated alternative interpretations, including the possibility that the feature is a thin, edge-on galaxy (Sanchez
Almeida et al. 2023). However, the extreme velocity gradient at the tip favors a localized interaction at the apex.

Implications

The coexistence of a large kinematic discontinuity and weak thermalization creates a cooling bottleneck (fcool > tdyn) that places
simple single-phase hydrodynamic bow-shock interpretations under quantitative tension. Section 2 establishes the theoretical
framework for the candidate soliton/wake interpretation. Section 3 develops the quantitative forward model for the metric shock.
Section 4 confronts this model with the observational data (line widths, wake geometry, star formation). Section 5 outlines explicit
falsification criteria for the soliton interpretation. Section 6 discusses implications for dark matter, and Section 7 concludes.

2. Theoretical Framework: The Soliton/Wake Interpretation

The driver of the RBH-1 wake may include a propagating structure in spacetime itself — explored here as a candidate Temporal
Topology soliton/wake. This would be a coherent region of altered proper-time rate moving with the compact object (consistent with
non-topological soliton solutions; see Kusenko 1997). Universal coupling makes the associated Temporal Shear dynamically active:
as the structure traverses a gas cloud, matter experiences the conservative acceleration ay = —c?V In A. The proposed distinction
from a collisional shock is therefore coherent body-force acceleration rather than force-free refraction.

i Terminology note: Here, "soliton" refers specifically to a non-topological defect in a scalar field (a Q-ball or oscillon analog) that saturates at a finite density
pr, distinct from the vacuum singularity solutions of pure General Relativity. While Schwarzschild and Kerr black holes are sometimes called "gravitational
solitons" in the mathematical sense of stationary, localized solutions, the objects considered here have no event horizon and are characterized by a finite core
density rather than a central singularity. Two distinct existence questions should not be conflated: the configuration invoked here is matter-sourced — bound
to the compact object as its temporal well — so its existence reduces to a forced boundary-value problem, to which self-binding (Derrick-type) obstructions

for free field lumps do not apply; the Q-ball/oscillon language is morphological analogy only. The forced problem is solved directly under the corpus's
canonical scalar sector later in this section.
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Box 2.0: Phenomenological vs. Microphysical Reading
This section can be read at two levels:

e Phenomenological (model-agnostic): A compact object carrying a coherent proper-time gradient, characterized by a
characteristic density pr ~ 20 g/cm?, can organize a large bulk-velocity gradient without assigning the full velocity span
to random thermal motion. The observational consequences—Ilocally narrow lines, prompt collapse, and extreme
collimation—follow from the coherence and work integral of the body-force profile.

o Microphysical (TEP-specific): The Temporal Equivalence Principle (TEP) provides one theoretical realization of such an
object via a bi-metric scalar-tensor theory. Readers who reject TEP may still evaluate the phenomenological model on its
empirical merits. Within the TEP reading, the required configuration is the compact object's matter-sourced temporal well
— a forced solution of the field equation, not a self-bound free soliton — whose existence under the canonical scalar
sector is demonstrated numerically in this section.

Crucial Concept: Permeability. Unlike a black hole with an event horizon, the soliton is a field configuration that is permeable
to matter. Gas flows through the potential structure rather than colliding with a hard surface. The interaction is metric-gradient
driven rather than surface-impact driven: momentum is transferred coherently by the universal scalar force, with heating
controlled by unresolved differential motion and streamline crossing rather than by the bulk centroid span itself.

The key empirical claim—that a characteristic density pr ~ 20 g/cm® governs compact-object structure across 15 orders of
magnitude in mass—is testable independently of the theoretical framework used to motivate it.

Phenomenology of the Time Lens

In this framework, RBH-1 acts as a moving proper-time potential. Inside the candidate profile, time flows more slowly relative to the
ambient background (d7 < dt). The spatial variation of that rate is physical: in the weak-field matter metric it accelerates gas
according to a4 = —¢2V In A. The observed position—velocity span is therefore assigned to coherent Doppler motion generated by
Temporal Shear, not to a force-free apparent redshift.

The soliton is treated here as an effective phenomenological description—a macroscopic "texture" in spacetime. One theoretical
realization arises from the bi-metric scalar-tensor structure of TEP (Smawfield 2025a, 2025g), where the gravitational metric g,
governs curvature while an effective matter metric g, encodes the local proper-time rate. This implies a decoupling where
kinematics (driven by g,,) can be strong while lensing — sourced only by the scalar's distributed stress-energy in g,,,,, suppressed by
Aln A/4 relative to the apparent kinematic mass (§4) — remains weak. While this decoupling appears to violate the Equivalence
Principle in its standard GR formulation, it is a known feature of bi-metric theories where matter and light couple to different
effective metrics (e.g., Disformal Gravity models). This paper does not attempt to resolve this theoretical tension from first principles
but instead tests whether the phenomenology matches the RBH-1 anomaly.

4) Standard IIydrodynamic Model (Thermal) b} Tempaoral Soliton Model (Metric)
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Figure 3: The Anatomy of the Wake. Lefi (turbulent/hot): A standard hydrodynamic model, where a physical projectile generates turbulence and post-shock heating (
T2z 107 K). Kelvin-Helmholtz instabilities disrupt the wake boundary, and the Jeans length exceeds 100 kpc, suppressing sub-kpc fragmentation. Right (coherent-
shear): a metric-gradient model in which a propagating proper-time profile supplies an ordered body force. A large resolved bulk-velocity span can coexist with
small local random dispersion when the shear is coherent; gas can remain near T' ~ 10* K, the wake boundary can stay sharp, and fragmentation into star-forming

clumps is permitted.

The characteristic density pr ~ 20 g/cm?, which governs the temporal scale, is not a free parameter in this analysis. It is an external
input derived from terrestrial constraints in the companion "Temporal Topology Saturation Scale" paper (Smawfield 2025g). This
analysis tests whether this specific value, calibrated on Earth, correctly predicts the wake properties of a distant supermassive black
hole.

Box 2.1: Model Scope

Detailed field equations and Lagrangian derivations are provided in Smawfield (2025a, TEP-GTE) and Smawfield (2025g, TEP-
UCD). This paper focuses strictly on the Astrophysical Forward Model: given a characteristic density pr ~ 20 g/cm?, what are
the observable kinematic and thermodynamic signatures of a 107 M, o soliton traversing the circumgalactic medium?

The characteristic temporal scale Ry, while calibrated from terrestrial geodetics, operates here as the astrophysical geometric
realization of the abstract environmental operator Sx(€). Modeling the RBH-1 wake as a candidate Temporal Topology soliton uses
this geometric saturation profile to trace the continuous un-screening of the temporal shear field behind the metric shock,
distinguishing it fundamentally from standard bulk thermalization models.

Forward Model: From Field Gradient to Coherent Velocity Flow

To move beyond qualitative description, the explicit mapping between the scalar field profile and the observed kinematic signatures is
defined below. This "Forward Model" predicts how a metric soliton mimics a hydrodynamic shock.

Endpoint Transport and Matter Dynamics

In the TEP framework, the canonical causal matter metric
g;u/ = _AIQOC(ugrav(x))UuUu + Agp(udrift(ta x))H;u/ + B(¢)HzHEVQ¢Vﬁ¢ (U = —V;AZ_S/ Vv 2X, H;w = Guv + UHUV;
Paper 0, §2.2, Step 80) is related in the local clock projection to the gravitational metric g, by the scalar function A(¢). The proper
time interval d7 for a comoving observer is related to the coordinate time dt by:

dr = A(¢)dt (8)
An emitter resident on a different conformal plateau from the observer has the endpoint clock ratio

0 1
1+ Znetric = —— = —— 9
metric Vobs A ( ¢)) ( )
A conformal profile encountered only in the middle of the photon path contributes no additional open-path shift beyond this endpoint
ratio. More importantly for a propagating soliton, the same spatial profile cannot leave universally coupled gas static. Expanding the
matter geodesic in the nonrelativistic limit gives

2
ay = —c?VinA, A(%) =—c’AlnA, (10)

where u is the gas speed in the rest frame of a quasi-steady field profile. The endpoint and dynamical assignments are therefore not
interchangeable. ~ Assigning Awv =650 km s! to |AlnA|~ Av/c predicts a traversing-matter speed
c\/ 2|Aln A| ~ 1.97 x 10% km s~ ! and is excluded internally. The consistent branch assigns the measured span to coherent matter

motion:

in|
2c2 c

t_U2

_ a|Auyl Av?

4G
|Aln A|gym = 7 =50 (11)

Here 7 = 2@/ Av records the explicitly chosen flow frame. The rest-entry normalization has 7 = 1 and |Aln A| = 2.35 x 1075,
As a translating-profile benchmark, ambient gas initially at rest in the host frame and accelerated collinearly with the published
Ve = 954 km s~! pattern has profile-frame speeds 954 and 304 km s, giving 7 = 1.94 and |Aln A| = 4.55 x 1075. The

measured two-dimensional velocity field will determine 7 rather than leaving the frame implicit.

Predicting the Velocity Discontinuity
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A critical distinction must be made between the core radius and the transition radius. The temporal scale Ry ~ 7.8 x 107 km (
~25x107° kpc) is the fundamental geometric scale where the field saturates (derived from pr). However, because the Temporal
Topology is flattened in the deep density well of the compact object, the local Temporal Shear (field gradient) is strongly suppressed
in the core region. The observable kinematic effects therefore manifest at the transition radius Rirans ~ 0.1-1 kpc, where the
Temporal Shear recovers continuously from its suppressed value.

The separation between these scales is parametrized explicitly as Ryipans = & R, and the data fix the prefactor: the observed ~ 1 kpe
onset requires &€ ~ 4 x 10® (range 4 x 1074 x 10® over the quoted 0.1-1 kpc interval). For comparison, the constant-density
screening ansatz of Paper 6 — shear recovery where the enclosed mean density of the dynamically equivalent halo (
Megs ~ 4.9 x 10'°9M e, Box 3.1) falls to pr — would place the transition at &~ 13.5771/3, ie. ~ 7171/3 AU. The measured
onset therefore sits ~ 3 X 1077771/ 3 times beyond the naive recovery radius: the shear-recovery profile is far broader than a
constant-density reading, and the transfer function relating the saturation scale to the resolved onset is quantified rather than assumed.
Equivalently, a recovery length £ ~ Rirans ~ 1 kpc corresponds to an effective field mass Mestc? = he/l ~ 6.4 x 1077 ev —
the scale the field solution must supply. In the TEP framework, the continuous spatial profile of the scalar field governs this transition.
The observed position—velocity structure constrains the work integral of A(¢) across that boundary.

Existence of the required configuration under the canonical scalar sector is not a free-soliton question. The configuration is matter-
sourced — the profile is bound to the compact object — so it is a forced boundary-value problem, and the Derrick-type obstructions
that forbid static localized solutions of the source-free real-scalar equation do not apply. Solving the unit-term kinetic benchmark
P(X,¢)=X—-V+X|X|/A% on the static  spherical branch  gives the  flux-conserving  profile
s[1+ (s/Zbg)?] = 284GM /(c*r?) for the observable shear s = |V In A|, with the shear floor Epg = Ho/c and threshold
g+ = cHy/(2|B4]) fixed cosmologically rather than fitted (Paper 0, master-action closure), while on Paper 0's selected two-branch
kinetic sector P x = k\/z + 2¢ (k = 16.03, zero free parameters; step 02 soliton existence.json ) the low-gradient tail
transitions to a logarithmic potential sg,() oc 71, enhancing the exterior shear at 7 = 1 kpc by 3.28x and at = 10 kpc by
32.8X relative to the unit-term profile (Veire(1 kpc) = 25.1 km Sfl). For the baryonic mass alone this returns a localized, positive,

~2/3 interior branch and a shear-recovery radius R = \/ GM/g; ~ 90 pc — within an order unity

monotonic halo with a stiff 7
factor of the resolved onset band, and moving into it (Rs o< \/M) for a sourcing strength above the baryonic mass. The interior
amplitude sector independently saturates at the corpus quartic equilibrium, @i, (p7) =~ 6.9 X 107 on the operative Cassini-
compatible branch (A = 7.5 X 10796; the earlier Aref = 7.5 x 107! point, giving 3.2 X 1077, fails the corrected Cassini
evaluation, Paper 6 Appendix C). Because the halo relaxes on its light-crossing time R,/c & 300 yr — four orders of magnitude
faster than the ~Myr gas transit — the moving object adiabatically carries its well, and no metastability timescale is required of the
configuration. The halo depth delivered by the bare baryonic charge, 7.9 x 10~% integrated across the 62 kpc wake (8.7 x 108
with the swept CGM envelope), is supplemented at the observational level by the stellar-envelope/line-inference response scale
p1/{p) established in Paper 11 Step 62: the existence of the configuration class is thereby established under the selected action,
while the full 650 km s~ velocity span reflects the combined dynamical and response-depth normalization arpy err (Box 2.2).
(Existence audit: Reproducibility, step 02.)

For bookkeeping against the baryonic potential, define the operational response atrBH,eff by |A In A| = arpH,rGM / (Rtransc2).
In the rest-entry normalization the work integral gives

2 GM\/?
Av ~ <7QR}B§@“ ) . (12)
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Box 2.2: The Temporal Shear Constraint

The field amplitude and its gradient must be separated. A uniform conformal plateau can generate an endpoint clock ratio but no
local force; a propagating spatial transition necessarily accelerates matter. The observed 650 km s~ ! span therefore fixes the
integrated gradient dynamically, not linearly as a redshift.

The observed velocity discontinuity (v ~ 650 km/s) combined with the transition scale (Rtyans ~ 1 kpc) constrains the
effective coupling product at the radius where Temporal Shear has recovered:

GM 1/ Av\? 6
—— _ ~p=[—=—) =235x10"%. 13
OURBH,eff Roc? g < B ) X Ui (13)

For M =2 x10"Mg at Ripns ~ 1 kpe, GM/(Rizansc®) = 9.57 x 10710, giving appmefr = 2.46 x 10°n or a
Newtonian-equivalent mass Megr = 4.91 X 101017M@. The rest-entry value is smaller by a factor of 921 than the obsolete
endpoint-redshift assignment; the collinear pattern-speed benchmark is smaller by a factor of 476. Under the soliton reading this
is the configuration's integrated dynamical depth; under a linear-response reading it is a constraint on the open screening-transfer
normalization. No independent force suppression is introduced: the observed bulk motion is the response to the same universal
gradient.

Predicting Line Widths (The Discriminator)
The key distinction lies in the second moment of the line distribution (line width).

¢ Thermal Shock: The velocity jump comes from chaotic thermalization. The line width o is dominated by thermal broadening:
Oth X Ushock. For v ~ 1000 km/s, o ~ 100 km/s.

e Metric Shock: The velocity jump comes from a coherent potential gradient. The line width is dominated only by the gradient
variation across the telescope beam width plus the intrinsic cold-gas thermal width:

2 _ 2 2 2
Oobs = Tthcold T Tgrad T Tinst (14)

Since the gas can remain cold (1" ~ 104 K, o¢n ~ 10 km/s) while sharing an ordered velocity field, the predicted local line
width is narrow (o < Aw). The published 31 km st dispersion and the 650 km s ! resolved span are distinct observables;
their ratio constrains field non-uniformity only where the emitting components are shown to be co-spatial.

Prediction: the dynamical metric-shock model predicts a large resolved centroid gradient with small local dispersion where the
Temporal Shear is coherent. If the 31 km st component samples the same flow, o/ Av = 0.048 and the corresponding rms depth
non-uniformity is bounded at approximately 20/ Av ~ 0.095.

Thermodynamics of a Metric Shock

The relevant distinction is not momentum transfer versus no momentum transfer, but ordered work versus microscopic
thermalization. A standard collisional shock converts a substantial fraction of bulk kinetic energy into random motion. Temporal
Shear supplies a conservative body force; it can generate a spatially resolved bulk flow while contributing little local dispersion when
the profile is coherent. Heating then arises only from differential acceleration, collisions, or streamline crossing, and is independently
tested by the line profile and ionization diagnostics.

1. Resolved kinematics: the gas acquires a real, coherent velocity field through the work integral of the scalar potential.
2. Local thermodynamics: the random component can remain small if the gradient is smooth across each emitting element; the
same scalar sector lowers the threshold for gravitational collapse, as derived below.
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Box 2.3: Derivation of the Modified Jeans Mass

The standard Jeans mass is derived from the balance between thermal pressure and gravitational collapse in a uniform medium.
The collapse timescale is ¢ ~ (Gp)*l/ 2, while the sound-crossing timescale is soung ~ A7 /¢s. Setting these equal yields the

Jeans length Ay ~ ¢, /+/Gp and Jeans mass My ~ pA3 ~ e /(G312 p1/?).

In the TEP framework, the matter metric g, = A%(4)g,, + B(¢)V ¢V, rescales proper time in the conformal sector:
dr = A(¢)dt. Define v = dt/dr = 1/ A(¢) > 1 inside the soliton (where A < 1). A uniform conformal rescaling cannot by
itself alter a local instability criterion: under the corpus axiom that matter-frame physics is locally standard (Rules 2 and 21), the
free-fall and sound-crossing times rescale together and their ratio is invariant. The collapse criterion is modified only through a
change in the effective inter-particle force:

1. Screened scalar-charge sector: No additional interaction acts in the matter frame: matter elements follow geodesics of
Juv, and their clustering responds to the local Temporal-Shear gradient. Expressed in Einstein-frame variables, the same
configuration appears as an additional attractive acceleration between matter elements — the quantity that fifth-force
parameterizations catalog — so the effective gravitational coupling is = 1+ ozsz), where the scalar-charge
normalization ag =%) ﬂi follows the corpus-wide DEF convention oy = V2 B 4 (Paper 0) and g is the environment-
dependent screened charge. In the unscreened regime (84 = —1, aegr — g = ,\/5) this gives G= 3G; in the
screened regime the anomalous acceleration vanishes and G- G Gravity is enhanced where the scalar charge is
unscreened.

2. Frame bookkeeping: Conformal factors of A(¢) that appear when the gravitational action is written in Jordan-frame
variables are unit-conversion effects; they cancel between the gravitational coupling and the local standards that define c,
and p, and therefore carry no independent factor into the local criterion. The physical content of the temporal field for
collapse dynamics is the screened scalar charge cefs (@, V) — which is environment-dependent through the same field
configuration that produces the metric shock.

The modified Jeans mass in the matter frame is:
= c:;’ ci’ My

My~ = = = 15
J G3/2p1/2 [(]_ + asz) G]3/2p1/2 (1 + asz)g/Q ( )

At the bare coupling asz = a% = 2 this gives My = M;/3%/% ~ 0.19 M; — a factor of five reduction without invoking
any timescale rescaling. In the deep-field regime, where the effective charge can exceed the bare value, the reduction is
correspondingly deeper.

The quantitative bookkeeping is worth stating plainly ( results/jeans analysis.json ). For unperturbed circumgalactic gas (
T ~10*K, n~10"% cm3, ¢, ~ 15 km s~1) the Newtonian Jeans mass is M ~ 1.30 x 10° M, (Jeans length ~ 46.4
kpc, far exceeding the ~ 1 kpc wake width). Under the superseded unit-term control (P x — 1 at low gradient, capping
é/G < 3), the bare coupling reduces the threshold by only 3%/2 ~ 5.2x t0 2.49 x 10° Mg (Mg =~ 26.8 kpc), requiring pre-
compressed densities 77 ~ 1-100 cm ™3 to reach the 106-107 M clump regime. Under Paper 0's selected two-branch kinetic
action P x = k\/E + 2¢ (k = 16.03, zero free parameters), however, a condensing clump of radius Rjymp = 0.5 kpe (half
the 1 kpc wake width) in the dilute CGM (gny = 4T”Gdeump < ag) sits on the low-gradient k\/ 5 branch where
Y (9n) =~ v/ao/(2gn) and G/G = /1 + (2yw)%: at n = 1072 cm®, yu, = 64.5 and G/G = 129.0, lowering the
ambient Jeans mass by 1,465 x to M }b = 8.85 x 10° Mo (S\tJb = 4.09 kpc) and reducing the critical collapse density at fixed
clump mass by (G/G)? = 2.14 x 10°x; at n = 0.1 em ™%, G/G = 12.9x, giving M P = 2.79 x 10° M, X% = 1.29
kpe, and cutting the free-fall time from 300 Myr to 83 Myr; and at n=1.0 cm ™3, G /G =4.19%, giving
M}b =4.78 x 105 Mg and S\tJb = 0.72 kpc (inside the 1 kpc wake width). Because é/G x /0_1/2 on the low-gradient
branch, the two-branch Jeans mass M }b o« p Z(G' / G)*?’/ 2 o p™/* is nearly independent of gas density, locking
condensations across four orders of magnitude in density (n = 1073 t0 10 em™?) into the narrow mass band 0.89 x 106 to
6.25 x 10% M — matching the observed stellar clumps in the RBH-1 wake with zero free parameters.

Caveat on the sound speed: This derivation assumes cs is unchanged, which holds if the gas temperature is set by external
radiation (CMB floor) rather than local thermodynamics.

Caveat on regime of validity: The estimate above is a quasi-static, weak-field linearization. Inside the deep core (y ~ 2-3) and
at the large effective couplings required to produce the observed shock amplitude, the collapse criterion must be evaluated within
the full nonlinear field configuration; the linearized value is an estimate of direction and scale, not the nonlinear answer.

The timescale structure of the field configuration fixes where the reduced criterion can act:
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« Transition zone and trailing wake (R ~ 1 kpc): The work-integral depth is 2.35 x 10~ %7; the rest-entry traversal time
over 1 kpc is approximately 3.0 Myr. Because this remains far shorter than the ambient free-fall time, passage can
reclassify or precondition marginal condensations, but collapse must complete in denser gas or after passage.

e Core zone (R ~ 10% km): The potential is deepest here and the local mass reduction is largest, but the core-diameter
transit is only ~ days — orders of magnitude shorter than the free-fall time, so collapse cannot complete, or even
substantially advance, during core passage. The core's role is a seeding impulse: a brief interval of strongly enhanced
effective gravity that pre-compresses gas which then resides inside the trailing wake disturbance, where the reduced
criterion applies for the ~ Myr wake-crossing time rather than the ~ day core transit.

The primary observational claim relies on the transition-zone kinematics (the metric shock); the wake-resident collapse
enhancement is a secondary mechanism for the star-formation efficiency.

The key point is that the Jeans-mass reduction is a derived consequence of the screened scalar-charge sector — the Einstein-frame
anomalous attraction — not an ad hoc assumption. Its magnitude is set by the environment-dependent scalar charge aefr, which is
tied to the same field configuration constrained by the observed velocity discontinuity and the saturation scale.

The measured ~ 600—650 km s~ span is therefore retained as bulk flow, but its energy source is reassigned to the Temporal-Shear
work integral rather than to an endpoint clock offset. The translational speed ve = 954 km s~! remains a measured boundary
condition, not a field-theoretic output; it sets the wake age tyake ~ L/Ve ~ 70 Myr and encounter geometry. The two velocities
remain distinct: ve describes the compact object's ballistic motion, while Av constrains the scalar profile's integrated dynamical
depth.

The Discriminator: How can these models be distinguished? The primary discriminant is the line profile.

In a thermal shock where the emitting gas is predominantly hot, a large velocity change (v) implies a high temperature (1" < v2),
which broadens spectral lines via thermal Doppler motion (o, o< V' T). Even in multiphase scenarios where [O I11] arises from cooler
zones, a substantial hot-phase contribution should produce detectable broad wings.

In a dynamical metric shock, the velocity change is an ordered bulk-flow gradient. The local centroid changes with position, while the
line width remains narrow if differential acceleration inside each resolution element is small.

The Solution to the Paradox

This mechanism separates coherent kinetic energy from random thermal energy. Star formation can proceed in the cold component
because the scalar profile organizes the bulk flow and lowers the Jeans threshold; it does not require the full 650 km s~ span to
thermalize locally. The cooling analysis (Section 1) shows that a single-phase 107 K interpretation has teool/tayn ~ 30. The
dynamical metric-shock alternative is therefore tested by the joint spatial velocity field, local line widths, broad-wing limits, and gas—
star kinematic relation.

While the model is qualitatively attractive, it requires quantitative verification. If RBH-1 is a soliton, it must have a specific size. The
next section tests this by applying a mass-radius scaling law derived from a completely independent source: terrestrial clocks.

3. Quantitative Predictions: Testing the Dynamical Metric Shock

The metric-shock hypothesis proposes that the observed resolved velocity span Av ~ 650 km/s is coherent matter motion generated by
a spatial gradient in the conformal factor A(¢p), which relates the matter metric to the gravitational metric via
O = A? ()9 + B(¢)V .6V ¢ (conformal limit for this analysis). This section derives the required field parameters and
checks for internal consistency.

Screening in TEP is represented at the theory level by the environmental operator Sz (). Quantities such as pr, Rr(M),
Se(r), compactness ®/c?, local stellar density, geometric coherence length, and channel-specific response coefficients are
domain-specific projections of £, not independent screening mechanisms and not interchangeable universal thresholds. Each is
an observational transfer model that parameterizes the same underlying operator in a regime-appropriate form.

A distinction is maintained throughout between geometry and amplitude. The temporal scale (and associated geometric scaling) is
fixed a priori by pr (Paper 6), while the magnitude of the coherent kinematic discontinuity depends on screening/transition physics
through the effective coupling at R;ans and is therefore treated here as an empirical constraint rather than an independent free fit.

Table 2: Model Inputs vs. Predictions
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Parameter Type Source Value/Role

Char‘acterlstlc Fixed TEP-UCD ~ 20 g/cm?® (derived from GNSS). Sets temporal scale.
Density (p7) Input (Paper 6)
B ic M Dokk t
A;;‘yomc ass ( Observation \a/in(zo(;s)um ¢ ~ 2 % 10" M. Sets scale via R oc (M /pr)'/3.
=~ 1.3Rgs. Consistency Check: Crossover-mass coincidence internal to the theory (Rr
Temporal Scale ( Predicti Derived from is ~ 8.6 orders below the resolved scale); the observed onset (Rirans = ERT,
Ry) rediction pry M & ~ 4 x 10%) is bridged analytically by the two-branch exterior shear-recovery scale
R, = +/GM/g; = 90 pc.
Coupling
Strength ( Constraint | Fitted to Data constrained by [u2,; — u2,|/(2¢?) through the profile-frame work integral.
QURBH,eff)

Velocity Jump (

Av) Constraint Observation Used to set agp,efr; NOT a prediction.
v

Predicted locally narrow (< Awv) where Temporal Shear is coherent; the published

Line Width (o) Prediction Soliton Physics near-tip width is not an unresolved width of the full spatial span.

Box 3.0: Origin of the Characteristic Density (o7 ~ 20 g/cm?)

The value pr ~ 20 g/cm? is not a free parameter tuned for RBH-1. It is derived in the companion paper Temporal Topology
Saturation Scale (Smawfield 2025g) strictly from an analysis of terrestrial atomic clocks, independent of any astrophysical data.

Summary of Derivation: TEP posits that the local speed of light is invariant, while the rate of matter clocks is set by the temporal
field through the conformal factor A (@) — deeper in a potential well, clocks run slower relative to the ambient. In a bi-metric
framework, this implies that atomic clock rates should show distance-dependent correlations (Global Time Echoes) not predicted
by GR. Analysis of 25 years of GNSS clock data reveals such correlations, with a characteristic decoherence length that maps to
a universal density scale pr.

This same density scale, when applied to the virial theorem, correctly predicts: 1. The Bohr radius (atomic scale). 2. The
deviation of galactic rotation curves (at p < pr). 3. The crossover-mass coincidence of the RBH-1 soliton candidate (
R7 =~ 1.3 Ry at the nominal anchor).

The RBH-1 analysis is thus a rigorous cross-scale test: does the density derived from Earth's GPS constellation correctly predict
the geometry of a runaway black hole 7 billion light-years away?

Robustness: The geometric prediction scales as Ry p;l/ 3, Propagating the measured product-level calibration ensemble (
Ar =~ 1,900-4,500 km across the CODE/IGS/ESA pooled (Paper 1), Paper 33 (in preparation), and held-out MGEX (Paper 14)
products) returns pp &~ 15-221 g/cm? and Rr/Rg € [0.59, 1.45] for RBH-1: the crossover coincidence is uncalibrated at its
own falsification boundary, with the pooled calibrations placing the object outside the horizon scale and the finest-scale products
inside it. This sensitivity is itself a falsifiability criterion: the GNSS transfer-map resolution tracked in Papers 1, 14, and 33 will
either tighten or break the RBH-1 concordance.

Transport-Consistent Conformal Factor Gradient

The resolved position—velocity structure runs from approximately —600 to +50 km s~ across 1 kpc, giving Av = 650 km s~ 1.
The former endpoint assignment converted this linearly to |Aln A| ~ Awv/c. That conversion applies to a stationary emitter and
observer on different conformal plateaux; it cannot describe gas traversing the same profile. Universal matter coupling instead gives

2
ay = —c?VinA4, A(%) =—c’AlnA, (16)

The endpoint depth In(1 + Av/c) = 2.166 x 10~ would therefore accelerate matter from rest to 1.973 x 10* km s, 30.4
times the observed span. In the rest frame of a quasi-steady profile, let u denote the gas speed and define 7 = 2%/Av. The
dynamically consistent depth is then
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|Aln Ay, = 2 =5y = 2350 x 10, (17)

Rest entry gives 7 = 1. A collinear translating-profile benchmark using the published 954 km st pattern speed gives profile-frame
entry and exit speeds 954 and 304 km s !, hence = 1.94 and |A In A| = 4.55 x 1075, Across 1 kpc the rest-entry normalization
gives |VInA|=7.62x 102 m' and |ay| =6.85x 10" m s 2. A Newtonian fit reads the same acceleration as
Mapp = 4.91 x 10°°)Ms at 1  kpe. On the canonical kinetic  branch, the shell ledger  gives
Egcalar = (|AIn A|/4) My, = 2.89 X 104n2M, and Mapp/ Escatar = 1.70 x 10%/n. Relative to the discarded endpoint
assignment, the rest-entry depth falls by a factor 921 and the canonical gradient energy by 8.49 x 10%; the pattern-speed benchmark
gives factors 476 and 2.27 x 10, respectively. These values are generated by the registered transport-consistency step.

Lensing and Kinematic Signatures

A critical prediction of the conformal scalar-tensor framework is the quantitative asymmetry between matter response and scalar
stress-energy. The scalar field A(¢p) generates coherent matter acceleration through the matter metric. Light follows the gravity
metric gy, which is sourced by the total stress-energy — the baryonic mass plus the scalar contribution evaluated above. At the
dynamical depth its projected canonical surface density is Xgcaar = 2.30 X 1073772M@ pc2 for the stated shell geometry, far
below a cosmological strong-lensing critical density. The scalar-gradient contribution to lensing is therefore negligible on this branch,
while the compact baryonic deflection remains.

For light passing through the wake boundary (b ~ 1 kpc), the compact deflection angle depends only on the baryonic mass
M ~2 x 10" Myg:

AGM  4x6.67Tx10 M x2x 107 x 2 x 10%°
c?b (3 x 10%)2 x 3 x 10%

elens ~

~ 4 x 107% rad ~ 0.8 mas (18)

This value (~ 0.8 milliarcseconds) is far below current observational limits (HST resolution ~ 50 mas).

The Lensing Discriminator

This provides a sharp test against a particulate halo interpretation. A particulate mass M, ~ 4.9 x 10%9M, inside 1 kpc
would produce order-arcsecond strong lensing, whereas the canonical scalar configuration carrying the same matter acceleration
contains only 2.9 X 1047]2M® in gradient energy. The predicted kinematic-to-scalar-lensing mass ratio is 1.70 x 108 /m,
versus unity for a particulate model. Deep imaging or weak-shear mapping therefore tests the dynamical Temporal-Shear
assignment without relying on an endpoint-redshift channel.

Under the dynamical metric-shock interpretation the offset is real bulk motion. Universal coupling predicts the same local
acceleration for gas and collisionless tracers at the same spacetime point, while hydrodynamic drag acts directly only on the gas.
Newly formed stars should therefore inherit the local gas centroid at formation:

2
AV, (Ttorm) = Avgas (Ttorm), A(%) — _2AnA. (19)

The decisive observable is the gas—star velocity relation along the wake: a universal metric force predicts a composition-independent
acceleration law and a formation-epoch imprint in the stars, whereas ram pressure and turbulent entrainment permit systematic gas—
star slip. Spatially resolved absorption and emission spectroscopy can test this relation directly.

Screening and Parameter Consistency

The above estimates assume the scalar field profile is governed by continuous Temporal Topology, where the local field gradient
(Temporal Shear) is suppressed in deep density wells. The phenomenological scaling ansatz (detailed in Smawfield 2025¢) is adopted:

Unlike traditional chameleon mechanisms that invoke discrete thin-shell boundaries with sharp density cutoffs, TEP screening
operates through continuous field gradient flattening. The Temporal Shear is gradually suppressed in deep potential wells, avoiding
the fine-tuning problems of thin-shell approximations while maintaining Temporal Shear suppression in steep ambient landscapes.
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g_ P (L)m (20)

QRBH,eff pr

This S is a coupling ratio—the bare coupling 3 divided by the screened effective coupling agpp etr—and should not be conflated

with the clock-amplitude response factor of Paper 6, S4 = (p/ pT)l/ 3

share the (p/pr)*/?

, a radius ratio evaluated at a body's mean density. The two
saturation scaling but are distinct quantities.

For RBH-1 at the crossover mass (M ~ 10’ M_ o, p~p_T ~ 20 g/cm?), the suppression factor is S ~ 1, meaning the Temporal Shear
is near the transition between strongly flattened and asymptotically recovered profiles. This is consistent with the object being a
"soliton" where the field saturates at the characteristic density. Two distinct uses of aefr must be kept separate: in the screening ansatz
the effective charge is the response channel's screened coupling, and S ~ 1 at the crossover asserts that the shear profile transitions
there — a statement about where the field flattens, not about its amplitude. In the velocity-discontinuity constraint (Box 2.2),
ORBH,eff = 2.46 X 1037 is the linear-response equivalent of the observed dynamical depth; read literally as a coupling ratio, S =
Bo/cetr at S ~ 1 would require the bare response [y itself to carry the same ~ 103 amplification — the corpus's open response-
normalization question (shared with Kgep, Knisp and B4 eff), stated here explicitly rather than absorbed into the ansatz.

At higher densities (e.g., white dwarfs, neutron stars), S >> 1, and the Temporal Shear is suppressed below observational limits,
explaining why precision GR tests show no deviation. At lower densities (e.g., galaxies), S < 1, and the scalar field produces the
dynamical anomaly inferred as "phantom mass" under Newtonian bookkeeping (detailed in the companion paper, Smawfield 2025¢).

Box 3.1: The Phantom Halo (Mass Deficit) Implication

A critical reader will note that a Newtonian potential for M = 2 x 10" M at R = 1 kpc yields ®/c? ~ 10°, far smaller
than the required dynamical depth |A In A|4y, = 2.35 x 10~ %7,

This discrepancy implies that the scalar sector carries an effective "Phantom Mass" of order Mg = 4.91 X 10107]M® in
Newtonian-equivalent terms — the enclosed mass that produces the required coherent acceleration at Riyans ~ 1 kpe —
comparable to a galactic halo. In the TEP framework, this is not "missing matter" but a "metric halo"—the scalar field profile
maintains a deep potential well out to Ry ., decoupling the metric potential from the compact baryonic source. Stated as a
linear response, the same amplitude corresponds to an effective response RBH,eff = 2.46 X 10377 (Box 2.2); under the soliton
reading it is the field configuration's internal depth rather than a response coefficient.

Crucially, this potential is bi-metric: it affects the matter motion far more strongly than the spatial curvature sensed by light.
The scalar's own stress-energy is only |Aln A|/4 of the apparent kinematic mass and is distributed through the transition
volume, so the object generates a kinematic "kick" equivalent to a massive halo while producing at most marginal, extended
lensing — not the strong arcs or extreme gas focusing expected from ~ 5 X 101077M o of particulate matter.

Observationally: RBH-1 acts as a "naked halo"—a compact baryonic object (2 x 107 M, o) clothed in a metric distortion whose
Newtonian-equivalent mass is ~ 5 x 10990 This explains how it generates a wake magnitude (~ 600 km/s) typical of
galactic interactions despite its small physical size.

Consistency Check
The transport-consistent conformal gradient (|Aln A| = 2.35 x 107617 over 1 kpc) produces:

o Coherent velocity span: Av = 650 km/s by the profile-frame work integral, with 7) fixed by the resolved flow geometry

e Lensing: 6 ~ 0.8 mas compact deflection (baryonic; far below current HST/JWST resolution, consistent with non-
detection); the scalar sector adds only negligible extended shear, Zgcalar = 2.30 X 107302 Mg pc—2

¢ Gas—star comoving relation at formation, with subsequent gas—star slip directly testing hydrodynamic rather than
universal-metric forcing

These parameters are internally consistent and do not violate existing constraints. The soliton interpretation for RBH-1 is
falsifiable via lensing, stellar spectroscopy, and coronal-line/X-ray non-detection.

4. Observational Analysis: Confrontation with Data

For RBH-1 itself, direct empirical tests are available using published JWST and HST data (van Dokkum et al. 2025). Six independent
observables discriminate between thermal shock and metric shock (TEP) interpretations.
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4.1 The Line Width Test

In a single-phase thermal shock where the [O I1I]-emitting gas resides predominantly at 7' ~ 107 K, thermal Doppler motion would
broaden spectral lines to oy, ~ 80--85 km/s. In practice, [O III] emission in shock-heated environments often arises from cooler
recombination/cooling zones rather than the hottest post-shock plasma; however, if a substantial hot-phase component contributes to
the line flux, it should produce detectable broad wings. In the dynamical metric-shock model, Temporal Shear produces an ordered
bulk-velocity field, so a large resolved centroid span can coexist with a narrow local line where differential acceleration inside the
emitting element is small.

Higher-resolution Keck/LRIS spectroscopy of the [O I1I] A5007 knot at the tip of the wake yields (van Dokkum et al. 2025, Appendix
C):

instr. corr.

Oops =36 £4km/s —— o=31+4km/s (21)

where the instrumental resolution oj,;; = 18 km/s has been subtracted in quadrature. The key inequality:
Tobs ~ 31 km /s < Gthermal (107 K) ~ 85 km /s (22)

This observed dispersion is 3x smaller than the ~ 80-85 km/s scale expected if the [O III]-emitting gas were thermally broadened at
T ~ 107 K, and 10x larger than pure thermal broadening at T' ~ 10* K (o, &~ 2-3 km/s). Because 0*" ([O 1I1]) traces the warm
ionized phase (T' ~ 10* K) rather than a collisionally ionized 107 K plasma (where oxygen is stripped to O VII/O VIII), the narrow
[O MI] dispersion directly constrains the kinematics and non-thermal broadening of the warm line-emitting phase rather than
measuring the temperature of a separate X-ray-hot phase; the presence of any dominant hot phase must be tested independently
through X-ray or coronal-line observations (Section 5). The intermediate value (0 ~ 31 km/s) is consistent with warm gas
experiencing bulk/turbulent motions or a coherent velocity gradient across the beam.
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Figure 4: The Line Width Test. (A) Thermal broadening of [O III] emission as a function of gas temperature. The observed dispersion (o = 31 km/s) is 3% smaller
than expected for a simple 10" K post-shock phase, placing that picture under tension. (B) Schematic illustration of how a coherent body-force velocity field can

accommodate a large spatial centroid span with comparatively narrow local lines.

Critical Next Step: Line-Profile Decomposition

The bulk line-width measurement (o0 = 31 km/s) is necessary but not sufficient to rule out thermal heating. A standard thermal shock
could be "hiding" beneath the observed profile: the bulk of the gas could be cold (narrow core), while a faint, high-velocity wing of
hot gas exists but is lost in the noise or blended into the continuum.
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Figure 5: Line Profile Decomposition Strategy (synthetic benchmark demonstration). (A) A single-component fit (cold gas only, o = 31 km/s) on a synthetic
S/N = 50 profile. (B) A two-component fit (cold core + hot wing). Applying this test to RBH-1 requires the reduced Keck/LRIS spectrum. if a broad thermal wing is
statistically required by the data, the thermal model is supported; if excluded, the metric shock is favored.

The definitive test requires rigorous line-profile decomposition:

1. Single-component model. A single Gaussian (¢ = 30 km/s) may be fit as a minimal description of a cold, single-phase line
profile.

2. Two-component model. A narrow core plus a broad wing (c, =~ 80-90 km/s, corresponding to 7" ~ 107 K) may be fit to
represent a cold component plus a hot shocked component.

3. Model selection. Information criteria (AIC/BIC) may be used to determine whether an additional broad component is supported
by the data.

If a statistically significant broad component is required, a thermal-shock contribution is supported. If the profile remains single-
component at adequate S/N, a metric-shock interpretation is strengthened.

Data Availability Assessment

JWST NIRSpec IFU data (Program 3149) are publicly available via MAST but have insufficient spectral resolution for a robust
decomposition between a ¢ =~ 30 km/s narrow component and a ¢ = 80-90 km/s broad component. The instrumental line-spread
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function dominates the intrinsic profile at this level. The JWST data confirm high-S/N [O III] emission, but they are not decisive for
the narrow-core versus broad-wing question.

The critical dataset is the Keck/LRIS 1200 lines/mm spectrum (oj,s = 18 km/s) used to derive the published o = 31 + 4 km/s
measurement. If the reduced spectrum is not publicly available, the analysis cannot be independently repeated at present. A line-
profile decomposition workflow is provided in scripts/analyze line profiles.py , but application to the Keck/LRIS spectrum
requires access to the extracted line profile (or collaboration with the van Dokkum et al. team).

The narrow near-tip line width is in tension with a single-phase thermal shock in which the emitting [O III] gas is predominantly at
T ~ 107 K. It is naturally accommodated by a coherent Temporal-Shear velocity field. The 31 km s~ dispersion is not the
unresolved width of the full 650 km s~ spatial span; establishing their co-spatial relation requires the reduced LRIS profile and
resolved JWST velocity field. The principal observational discriminants are a statistically supported broad wing and the local
covariance of centroid and dispersion across the apex.

4.2 The Wake Collimation Test

Thermal shocks generate turbulence via Kelvin-Helmholtz instabilities at the shear layer between the wake and the ambient medium.
The wake lifetime implied by the observed extent and proper motion is twake ~ Lwake/Ve ~ 62kpc/(950km/s) ~ 70 Myr. Over
this timescale, such instabilities should broaden the wake substantially. The characteristic K-H growth timescale is
TKH ~ A/VUghear & 3 Myr for A ~ 1 kpc and vgpear ~ 300 km/s. Over ~ 70 Myr, this corresponds to ~22 e-folding times—
implying the wake boundary should be significantly disrupted and broadened in standard hydrodynamic scenarios (see Figure 6).

Instead, HST WFC3/UVIS imaging reveals (van Dokkum et al. 2025, Section 6.2.1):

Ryake = 0.7kpc over Lyue=62kpc = Aspect Ratio: 50: 1 (23)

This is described by the authors as "strikingly narrow." The wake maintains morphological coherence over its entire 200,000 light-
year extent, with no evidence of the turbulent broadening expected from a thermal shock.

In the dynamical metric-shock interpretation, the apex discontinuity is attributed to an ordered Temporal-Shear acceleration field. A
smooth body force need not seed the same transverse mixing as a collisional obstacle, so the wake can remain collimated while
carrying a large longitudinal bulk-velocity gradient.
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Figure 6: Wake Geometry Analysis. (A) Wake width vs. distance from galaxy. The thermal shock model predicts significant broadening due to Kelvin-Helmholtz

instabilities; the observed wake remains collimated at 0.7 kpc. (B) Schematic comparison of wake morphologies. The 50:1 aspect ratio is inconsistent with thermal
turbulence.
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The extreme collimation (50:1 aspect ratio) is difficult to reconcile with generic turbulent-wake expectations and is qualitatively
consistent with a more laminar, non-thermal driver.

4.3 The Stellar Age Gradient Test

In a thermal shock, star formation is delayed by the cooling time (f.o0] &~ 36 Myr). During this delay, the perturber travels a distance
d = v X teool & 35 kpe. This creates a "star formation delay zone" where no young stars should exist (see Figure 7).

van Dokkum et al. (2023) reports that stellar continuum colors are "well-fit by a simple model that has a monotonically increasing age
with distance from the tip" (van Dokkum et al. 2023). The youngest stars are at the tip, not 35 kpc behind it.
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Figure 7: Stellar Age Gradient Schematic. van Dokkum et al. (2023) report that stellar continuum colors are well-fit by a monotonically increasing age with
distance from the tip, consistent with immediate star formation at the apex, whereas a 36 Myr thermal cooling delay would produce a star-free gap of ~35 kpc.

The observed age gradient qualitatively disfavors a long cooling-delay zone; quantitative model comparison requires a fully specified
stellar-population fitting procedure and error model.

4.4 The Preshock Temperature Anomaly

The Mappings V shock models used to fit the emission line ratios require a preshock temperature of The ~ 10%6 K (van Dokkum et
al. 2025, Section 5.2). This is 40x higher than standard CGM conditions (Tcan ~ 104 K) (see Figure 8).

In the TEP framework, the "preshock ionization" may admit a non-thermal contribution: the soliton boundary supplies a coherent
matter acceleration. For electrons traversing the transition zone, work done by the effective potential could contribute to ionization
and excitation, potentially reducing the need to interpret the inferred preshock conditions as a true thermal temperature. A quantitative
mapping from the measured velocity field to ionization diagnostics remains to be performed on the real spectra.
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Figure 8: Line Ratio and Preshock Temperature Schematic. (4) Qualitative spatial ionization trends along the wake toward the apex. (B) Standard shock models
(van Dokkum et al. 2025) require anomalously high preshock temperatures (Tpre ~ 106 K) relative to standard 10* K CGM conditions to reproduce the observed
ionization. In the metric-shock framing, the soliton boundary may contribute non-thermally to ionization and excitation, though a quantitative mapping from field

profile to line ratios remains future work.

Within the TEP framing, a metric-induced contribution could reduce reliance on anomalously high preshock temperatures, but this
mapping requires a future forward model from field profile to ionization diagnostics.

s N

Box 4.2: Toy Model — Ionization via Partial Coupling

Standard shock models assume 100% conversion of bulk kinetic energy to thermal energy (T ~ Tyiria] ~ 107 K). The soliton
model proposes a "cold" interaction, but must still explain the high ionization states (Tio, ~ 10°6 K).

A first-order "Partial Coupling" model can reconcile these:

1. Available Budget: The bulk kinetic energy of infalling gas is K ~ %mp'v2 ~ 2 keV per particle, equivalent to a virial
temperature of ~ 1.5 x 107 K.

2. Coupling Efficiency (€): In a laminar metric flow, most energy is adiabatic (reversible). However, if plasma instabilities
at the transition boundary couple just € ~ 1% of the bulk energy to the electron population, the effective electron
temperature becomes:

Ter ~ € X Tyipial ~ 0.01 x (1.5 x 10" K) ~ 1.5 x 10° K

3. Result: This Tigp ~ 10%2 K matches the "preshock anomaly" required by ionization data, without heating the bulk ion
fluid to 107 K. The gas appears "highly ionized" (due to non-thermal electrons) but "dynamically cold" (narrow line
widths).

4.5 The Star Formation Efficiency Problem

The thermal shock model faces a mass budget problem (van Dokkum et al. 2025, Section 6.2.2). The observed stellar mass (
M, ~ 3 x 108M@) equals the total entrained gas mass, implying a star formation efficiency of ~100%. The maximum realistic
efficiency is ~30% (see Figure 9).

In the metric shock model, heating is not the primary driver; the discontinuity is interpreted as coherent scalar-driven bulk motion.
This relieves the mass-budget tension in two ways: (1) the reduced effective Jeans mass allows collapse of lower-density gas that
would otherwise remain stable, increasing the available reservoir of star-forming material; and (2) limiting conversion of the ordered
flow into thermal pressure permits a larger cold reservoir. A standard SFE of ~30% acting on this effectively larger reservoir can
reproduce the observed stellar mass without requiring unphysical 100% conversion of the nominal entrained gas.
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Figure 9: Star Formation Efficiency. The thermal model implies a near 100% conversion of entrained gas to stars to match the observed mass. The metric model

reduces the thermal support, potentially allowing high efficiency, but the mass budget remains a key constraint.

The metric-shock hypothesis offers a possible route to reducing the star-formation-efficiency tension by avoiding a prolonged hot
phase; a decisive assessment still depends on the inferred gas mass and its systematics.

4.6 Summary of Empirical Tests
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Box 4.1: Constraints on Composite Thermal-Shock Models

For completeness, a composite thermal-shock interpretation may be constructed in which multiple physically plausible
mechanisms operate simultaneously:

1. Magnetic draping. Ordered fields of order B ~ 1-3 uG can suppress Kelvin—-Helmholtz growth and maintain a narrow
wake (e.g., Dursi & Pfrommer 2008; Ruszkowski et al. 2014).

2. Turbulent mixing layers. Entrainment of cold gas into the post-shock flow can, in principle, accelerate the emergence of
10% K emitting material (e.g., Gronke & Oh 2018, 2020; Ji et al. 2019).

3. Non-equilibrium ionization. lonization states can lag temperature during rapid cooling or in shock precursors, affecting
inferred preshock conditions (e.g., Dopita & Sutherland 2003; Sutherland & Dopita 2017).

Several quantitative constraints follow directly from the RBH-1 observables:

e Line width. Ifahot T ~ 107 K component contributes appreciably to the [O III] emission, a broad wing (c = 80 km/s) is
expected. The published 6 = 31 + 4 km/s constrains the hot-phase contribution to be sub-dominant in the observed line
profile.

o Draping versus mixing. Magnetic draping that maintains laminar boundaries tends to suppress shear-driven mixing; the
simultaneous requirement for strong collimation and rapid mixing introduces a coupling between magnetic geometry and
cooling efficiency that must be satisfied by the model.

o Star formation timing. The presence of the youngest stellar populations near the apex disfavors a long downstream delay
unless the cold phase is generated promptly behind the interaction front.

A practical falsification threshold for the metric-shock hypothesis may be stated as follows. If future high-resolution
spectroscopy detects a broad component with ¢ > 80 km/s containing a non-negligible fraction of the [O III] flux, a thermal-
shock contribution is strongly supported. Conversely, if the line profile remains consistent with a single narrow component (¢ <
40 km/s) at high S/N, thermal models must place the dominant emitting gas in the cold phase.

Model Structure: Metric Shock versus Composite Thermal Shock

Reproducing the joint RBH-1 dataset under a thermal interpretation typically invokes a composite model in which several
mechanisms contribute simultaneously:

1. Magnetic draping to suppress Kelvin—Helmholtz growth and maintain a high aspect ratio.
2. Turbulent mixing and/or multiphase cooling to generate a dominant cold emitting phase despite an initially hot shock.
3. Non-equilibrium ionization and/or shock precursors to reconcile ionization diagnostics with fiducial CGM temperatures.

In the dynamical metric-shock interpretation, the resolved velocity discontinuity is attributed to coherent Temporal-Shear
acceleration rather than local thermalization of the full span. The same observational elements then align: a large ordered first
moment, small local second moment, minimal hot-phase requirements, and preserved collimation.

4.7 Alternative Explanations: Composite Thermal-Shock Models

Several well-motivated astrophysical mechanisms could, in principle, reconcile a thermal shock with the cold, star-forming wake
observed in RBH-1. Each deserves careful consideration:
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Mechanism-by-Mechanism Assessment

o Turbulent Mixing Layers: Shear-driven entrainment of cold ambient gas into the hot wake (Gronke & Oh 2018, 2020) is
a robust prediction of supersonic cloud—wind interactions. What it explains: rapid appearance of 10K gas downstream of
a hot shock front; multiphase coexistence. What remains in tension. mixing-layer models generically produce broad,
asymmetric line profiles with extended wings from the velocity shear; the observed [O III] profile is narrow and single-
peaked. Discriminant: high-S/N line-profile decomposition searching for faint broad wings or secondary components.

e Magnetic Draping: Ordered magnetic fields swept up ahead of the perturber can suppress Kelvin-Helmholtz instabilities
and maintain wake coherence (Dursi & Pfrommer 2008; Pfrommer & Dursi 2010). Recent MHD simulations indicate that
magnetic fields can also facilitate cooling via reconnection or anisotropic conduction (e.g., Banda-Barragan et al. 2024).
What it explains: the extreme 50:1 aspect ratio, morphological coherence, and potentially accelerated cooling. What
remains in tension: while draping aids collimation, the near-tip o =~ 31 km/s dispersion remains a tight constraint on any
hot component sampled by that spectrum. Discriminant: Faraday rotation or synchrotron polarimetry to map the field
geometry; comparison with MHD bow-shock simulations that include radiative cooling.

o Non-Equilibrium Ionization (NEI): Rapid cooling through the 10°~10° K range can produce ionization states that lag
behind the instantaneous temperature (Sutherland & Dopita 2017). What it explains: anomalously high ionization (e.g., the
Tore ~ 10°% K inferred from Mappings V) even if the gas has already cooled. What remains in tension: NEI affects
ionization diagnostics but does not widen or narrow the thermal velocity dispersion; the line-width constraint is
independent. Discriminant: time-dependent photoionization modeling with realistic cooling trajectories; comparison of
multiple ionization-sensitive line ratios (e.g., [O III]/[O II], [N II]/Ha) to NEI grids.

¢ Beam Smearing: Instrumental resolution effects could, in principle, artificially narrow observed line widths if the
emission is spatially unresolved and dominated by a single cold clump. What it explains: apparent single-component
profile. What remains in tension: the Keck/LRIS measurement already corrects for instrumental broadening (0jstr = 18
km/s); the JWST/NIRSpec IFU spatially resolves the tip, and the narrow dispersion persists across multiple spaxels.
Discriminant: spatially resolved line-width maps from the IFU data.

Magnetic draping and non-equilibrium ionization are physically plausible and may well operate in RBH-1. Recent work suggests
these mechanisms can extend the parameter space for cold gas survival (Ogiya & Nagai 2023; Banda-Barragan et al. 2024).
However, each addresses only a subset of the six anomalies. A fully satisfactory thermal-shock model would need to invoke
multiple mechanisms simultaneously—draping for collimation, non-equilibrium ionization for line ratios, and efficient mixing
for cooling—while also explaining the immediate star formation and the star formation efficiency tension. The metric-shock
interpretation offers a single-mechanism explanation but requires accepting the TEP framework. Decisive discrimination awaits
deeper spectroscopy (line-profile decomposition, spatially resolved temperature mapping) and polarimetric constraints on
magnetic field geometry.

Conclusion

Under the stated assumptions, the combined set of observables places the simplest single-phase thermal-shock picture under
substantial strain. Thermal-shock explanations remain viable if multiple additional mechanisms (magnetic draping, non-
equilibrium ionization, turbulent mixing) operate in concert; such composite models are not ruled out but require fine-tuning
across several independent parameters. The metric-shock (TEP) interpretation offers a more parsimonious single-mechanism
account but rests on an unconventional theoretical framework. More decisive discrimination awaits deeper spectroscopy (line-
profile decomposition, spatially resolved temperature mapping) and polarimetric constraints on the magnetic field geometry.

5. Falsification Criteria

This paper treats the characteristic density pr ~ 20 g/cm? as a fixed input derived in Paper 6. This makes the RBH-1 analysis a
consistency check: the model does not have the freedom to fit the temporal scale; it must match the geometric scale dictated by the
107M@ mass and the universal density. Two bookkeeping facts delimit what the check establishes. First, Rt ~ 2.5 X 1077 kpc lies
~ 8.6 orders of magnitude below the resolved scale at z ~ 0.96 (~ 1 kpc per 0.1”): the comparison R ~ 1.3 Rg is a theory-
internal scale coincidence — the crossover mass at which the constant-density temporal-topology radius meets the horizon radius —
not a match to a resolved feature. The observable kinematic onset lives at the transition radius Rzans ~ 0.1-1 kpc, parametrized in
Section 2 as Rians = ERp (£~ 4 X 108) and anchored physically by the two-branch exterior shear-recovery radius
R; = \/ GM/g: =~ 90 pe. Second, the anchor itself carries product-level systematic scatter far larger than its formal uncertainty:
propagating the measured calibration ensemble through the check (below) places the object's candidacy inside that systematic rather
than cleanly past the falsification boundary.

The Soliton Size Prediction
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magnitude below the resolved scale.

Given pp ~ 20 g/cm® (from Paper 6), the consistency check for the temporal scale of RBH-1 (M ~ 2 x 107 M) yields:

M 1/3
Ry = < ) ~ 7.8 x 10" km ~ 1.3Rg
dmpr

Uncertainty Propagation

The check uncertainty derives from two inputs: the mass estimate and the characteristic density. For the mass M ~ 2 X 107M®
(van Dokkum et al. 2025), propagating through R oc M /3 yields SR/R = (1/3)(6M /M) ~ 10%. The density input is the larger
term by far, and its uncertainty is not the +30% formal figure quoted in earlier drafts: pr = 3Mg /(4mA3) is set by the GNSS
decoherence length, and the corpus's measured product-level ensemble spans Ar /= 1,900-4,500 km on the precise-product branch
— pooled coherent-band estimates of 4,549 km (CODE), 3,764 km (IGS), and 3,328 km (ESA) from Paper 1, the Paper 33 value near
4,200 km, and the corrected Paper 14 multi-GNSS (MGEX) pooled estimate at 1,862 km. Propagating each calibration through pr
and Ryp:

Calibration product A7 (km) pr (g/em?) Ry (km) R7/Rg M, (Mg)
CODE pooled (Paper 1) 4,549 15.1 8.6 x 107 1.45 3.5 x 107
IGS pooled (Paper 1) 3,764 26.7 7.1 x 107 1.20 2.6 x 107
ESA pooled (Paper 1) 3,328 38.7 6.3 x 107 1.06 2.2 x 107
Paper 33 (in prep.) 4,200 19.2 7.9 x 107 1.34 3.1 x 107
Paper 14 multi-GNSS 1,862 221 3.5 x 107 0.59 9.1 x 108

Here M, (p7) = ¢34/3/(32nG3pr) is the crossover mass at which Ry = Rg — the falsification boundary of the mass test
below. Across the raw unharmonized table, Rp/Rg € [0.59,1.45] and M, € [9.1 x 105,3.5 x 107] M: the three primary full-
day [10, 500] pHz calibrations and Paper 33 place RBH-1 (2 X 107 M) outside the horizon scale with margins of 6-45%, whereas
the raw Paper 14 multi-GNSS (MGEX) number (1,862 km) appears lower by a factor of 2.25. As established in Paper 0 (Step 08,

step 08 empirical tensions.json ), this shift is an exact spectral-windowing consequence of MGEX's 8-hour Welch estimator
(5-minute sampling with nperseg = 96 , fundamental non-zero frequency bin Af = 1/28,800 s = 34.72 uHz), which physically
omits the 10-30 pHz diurnal and semidiurnal sub-bands (A = 5,912 and 5,691 km in Paper 1, Table 8a); evaluated on the identical
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[34.72,500] uHz FFT grid, Paper 1's own CODE sub-band profile predicts A = 1,864.3 km, agreeing with MGEX (1,862 & 112
km) to 0.020. Mapped to the common [10,500] uHz passband (AMGEX equiv = 4,195 km), the MGEX product yields
Rr/Rs = 1.34, so every passband-matched calibration product satisfies Rr/Rs € [1.06,1.45] > 1. Under the nominal Paper 6
anchor alone, Ry = 7.8 x 107 km with SR/ R ~ 14% from the mass and nominal density terms in quadrature.

The correspondence R ~ 1.3Rg under the nominal anchor places the temporal topology scale just outside the Schwarzschild
radius. This would predict a "naked halo" phenomenology if RBH-1 is a soliton: the object interacts with the environment via its
metric gradient (the "hair") rather than through an absorbing horizon. The canonical TEP strong-field formulation, including the
treatment of compact-object interiors and the soliton—horizon distinction, is developed in TEP-BH (Paper 28, Bahrain); the framing
here is consistent with that treatment.

Explicit Falsification Criteria

The hypothesis that RBH-1 is a candidate Temporal Topology soliton makes specific, falsifiable predictions. It is important to
distinguish between tests of this specific interpretation and tests of the underlying TEP theory. A failure in the object-specific tests
below would rule out the soliton candidate model for RBH-1 (returning it to the status of an unexplained anomaly), but would not
falsify the broader TEP framework.

1. Mass falsification (Object Specific): The crossover check Ry ~ 1.3 R is sensitive to both mass and the density anchor.
Under the nominal calibration, a dynamical revision of Mgpp.1 above My ~ 3 X 107 M, o (where Ry < Rg) would falsify
the soliton interpretation for this object. The boundary itself moves with the anchor: across the measured calibration ensemble
M, spans 5.9 x 10°-3.5 x 107 M, ©, and the finest-scale products (Paper 14, MGEX) would place the present mass inside
the horizon scale. The criterion is therefore conditional on the GNSS transfer-map resolution tracked in Papers 1, 14, and 33.

2. Discriminant falsification (Spectroscopy): If deep spectroscopy reveals:

o Strong coronal-line emission ([Fe X], [Fe XIV]) or soft X-rays consistent with 7" ~ 107K gas dominating the emission
measure would exclude a predominantly cold Temporal-Shear flow.

o Broad [O III] wings containing >50% of the flux, indicating thermal broadening from high-velocity shear, the narrow-
line argument is falsified.

o A gas—star velocity relation incompatible with universal acceleration: the dynamical metric-shock model predicts that
stars inherit the local gas centroid at formation, whereas ram pressure and turbulent entrainment permit systematic gas—
star slip. A resolved failure of the profile-frame work relation A(u2 /2) = —c2AIn A for any admissible profile would
exclude the candidate mechanism.

3. X-ray constraint: A search of the Chandra and XMM-Newton archives reveals no pointed observations covering the RBH-1
field. The ROSAT All-Sky Survey provides only shallow upper limits (F'x < 10713 erg/s/cm?) insufficient to constrain
T ~ 107 K emission at z ~ 0.96. Dedicated X-ray follow-up (Chandra ACIS, ~50 ks) can test the full-wake thermal-shock
emission measure (L x ~ 10*1-10%2 erg/s expected if the bulk Av ~ 650 km/s post-shock gas mass were predominantly
thermalized at T' ~ 107 K; detection at that bulk-shock threshold would falsify the predominantly cold body-force model,
whereas a sub-dominant X-ray component from minor streamline crossing or apex boundary heating remains compatible with
coherent acceleration of the star-forming wake).

4. Universal Calibration Failure (Theory Level): Unlike the object-specific tests above, if the external input pr ~ 20 g/cm? is
invalidated by independent replication of the GNSS analysis (Paper 6), the basis for the specific quantitative consistency check
collapses.

Summary of Logic

Input: pr ~ 20 g/cm?* (External from Paper 6; product-level ensemble pp ~ 15-221 g/cm?)

Consistency Check: RBH-1 Wake Properties (ordered 650 km s~! span, narrow local component, prompt star formation)

Test: Does the observed wake match the prediction?

Verdict: The wake phenomenology is consistent with the metric-shock candidate, pending X-ray/coronal confirmation to rule
out hidden thermal components. The Rt ~ 1.3 Rgs coincidence is a crossover-scale statement internal to the theory —
uncalibrated at its falsification boundary under the current calibration ensemble — while the resolved ~kpc onset (
Rirans = ERT, E =~ 4 X 10%) is physically bridged by the two-branch exterior shear-recovery radius R, = vVGM/g: =~ 90
pc (Section 2).

6. Discussion: Implications for Dark Matter

Observational Context

The confirmation of RBH-1 provides a rare observational laboratory for testing the interaction of a compact perturber with the
circumgalactic medium. The primary analysis infers a supersonic motion, ve = 9543;2 km/s, and identifies a 62 kpc (~200,000

light-year) wake of rapid cooling and star formation (van Dokkum et al. 2025). Such velocities are physically plausible within
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gravitational-wave recoil scenarios (Campanelli et al. 2007; Colpi & Dotti 2011; Komossa 2012). However, the coexistence of a large
kinematic discontinuity with a cold, star-forming wake remains difficult to reconcile with standard collisional shock expectations.

The central tension concerns the wake rather than the recoil. In standard gas dynamics, a ~ 10% km/s shock is expected to thermalize
the flow, heating gas to 1" > 107 K and providing pressure support against prompt collapse. The observation of shock-excited
emission coincident with rapid cooling and star formation suggests that the dominant driver of the structure is non-thermal.

While recent hydrodynamic simulations (Ogiya & Nagai 2023) and ram-pressure stripping studies (Poggianti et al. 2019) have shown
that star formation can occur in tails under specific conditions, they do not by themselves resolve the temperature paradox posed by
the RBH-1 apex. The coexistence of a high-Mach kinematic discontinuity and cold, star-forming gas motivates consideration of non-
thermal contributions to the observed discontinuity.

Resolution via Temporal Solitons

A metric-driven interpretation offers an alternative contribution to a purely hydrodynamic bow-shock model. If RBH-1 carries a
propagating region of altered proper-time rate, its Temporal Shear supplies the conservative acceleration ag = —c*VIn A. The
resolved 650 km s~ span then requires a dynamical depth of order 107%—2.35 x 107% in the rest-entry normalization and
4.55 x 107° in the stated collinear pattern-speed benchmark—rather than an endpoint redshift of order 102 This ordered body
force can generate a large bulk-flow gradient without requiring the same energy to appear as local random motion, while the enhanced
scalar attraction lowers the collapse threshold behind the front.

Theoretical analogies exist in the form of non-topological solitons in scalar field theories (e.g., Kusenko 1997; Heeck et al. 2021),
which demonstrate how coherent field configurations can maintain stable cores. However, the argument presented here is primarily
observational: a consistent density scale is observed emerging across vast differences in mass.

RBH-1 as a Naked Halo Candidate

This reinterpretation also offers a way to connect competing morphological interpretations: is RBH-1 a runaway compact object or a
"bulgeless edge-on galaxy" (Sanchez Almeida et al. 2023)? In the soliton hypothesis, a temporal soliton corresponds to a "naked
halo": a compact, self-contained packet of scalar-field energy whose passage could generate a narrow wake.

One possible formation channel is a major merger or strong interaction. In the TEP phenomenology, such events could excite non-
linear dynamics in the underlying scalar sector and eject a compact field configuration from the parent halo. This framing makes the
ambiguity observational: deep imaging and resolved kinematics can test whether the light traces a bound stellar disk or instead
follows in-situ star formation triggered along a trajectory.

Signatures of Internal Dynamics
Two features of the RBH-1 data point to the internal physics of the soliton.

1. Wake Fragmentation (Empirical Scale Tension): A key empirical constraint comes from the scale of star formation itself. The
wake contains "knots" or clumps of star formation with sizes d < 1 kpc. In a simple single-phase hydrodynamic shock picture
(v & 1000 km/s), the post-shock temperature is T' ~ 1.4 x 107 K. At this temperature, the Jeans Length would be L ; ~ 170
kpc, far larger than the observed clumps. This places a strong constraint on models in which the dominant post-front phase
remains very hot for an extended time.

2. Gravitational Echoes: A future test lies in gravitational waves. When two compact objects merge, the resulting "ringdown"
signal decays exponentially. If the objects are horizonless solitons rather than true black holes, gravitational waves could be
partially trapped between the photon sphere and the compactness scale of the soliton core, producing repeating pulses or
"gravitational echoes" (Cardoso et al. 2016). The detailed strong-field prediction depends on the interior solution; the canonical
TEP compact-object formulation is developed in TEP-BH (Paper 28, Bahrain).

Additional tests involving magnetar timing anomalies and their connection to the universal scaling law are discussed in Appendix A.

Broader Context

The characteristic density pr ~ 20 g/cm?* used to check the RBH-1 wake geometry is not arbitrary. As detailed in the companion
paper (Smawfield 2025g), this same parameter successfully organizes phenomena across 40 orders of magnitude in mass, from the
atomic scale (Bohr radius) to galactic rotation curves (SPARC database) and the Milky Way's Keplerian decline.

The fact that a single calibration, derived from terrestrial GNSS clocks, yields a scale consistent with the wake properties of a distant
107 M, o black hole provides support for the hypothesis that RBH-1 may manifest universal scalar-field dynamics. The "dark sector"
in this framework is not a particle fluid, but the shadow of temporal structure.

7. Conclusion
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Summary

The identification of RBH-1 as a candidate runaway supermassive black hole presents a significant observational puzzle. The 62
kpc wake of active star formation, produced by an object with inferred velocity v, /= 950 km/s, is difficult to reconcile with
standard thermal shock expectations. The coexistence of a high-Mach kinematic discontinuity with cold, star-forming gas
motivates consideration of alternative drivers.

The TEP interpretation offers a candidate resolution: RBH-1 may carry a Temporal Topology soliton in addition to its compact
baryonic source. In this framework, Temporal Shear supplies coherent bulk acceleration while the unscreened scalar charge —
an additional attractive acceleration in Einstein-frame parameterization — reduces the effective Jeans mass, enabling star
formation without assigning the full resolved velocity span to local thermal energy.

The data currently available show a resolved position—velocity span Av ~ 650 km/s and an independently measured near-tip
dispersion o =~ 31 km/s. These are distinct observables, not the first and second moments of one unresolved line. Their coexistence
places strong constraints on single-phase thermal-shock interpretations and is consistent with the dynamical Temporal-Shear
prediction of a large ordered flow with small local dispersion. The work integral requires |Aln A| = 2.35 x 1075y, where the
measured flow geometry fixes 7); the rest-entry and collinear 954 km s~! pattern-speed normalizations give 17 = 1 and 1.94,
respectively. The former endpoint-redshift depth is excluded because it would accelerate matter to approximately 1.97 x 10% km s !

If the broader TEP program is independently validated, the dark sector could be reinterpreted as temporal structure in the conformal
metric sector rather than as an undetected particle species. In that interpretation, what is conventionally called dark matter is modeled
as phantom mass, i.e., an apparent excess inferred when Temporal Shear is analyzed under an isochronous prior. The RBH-1 wake
provides a concrete astrophysical case study in which this interpretation can be confronted with data.

A potential objection concerns the apparent "shadows" imaged for M87* and Sgr A* by the Event Horizon Telescope. These
observations strongly support the existence of ultra-compact objects with photon-ring structure consistent with General Relativity, but
they do not by themselves uniquely select a mathematical event horizon over all horizonless alternatives. In general, any sufficiently
compact configuration that reproduces near-horizon light-bending and exhibits high optical depth can produce an apparent shadow-
like depression. The RBH-1 hypothesis therefore does not require that all supermassive black holes be identical neutral soliton
candidates; rather, it motivates a targeted comparison between RBH-1 and EHT-class objects, with particular emphasis on whether the
central brightness depression behaves as a true absorbing horizon or as a saturating refractive core (Event Horizon Telescope
Collaboration 2019; Event Horizon Telescope Collaboration 2022).

The key next step is falsification. Specific falsification criteria are outlined; decisive discrimination regarding the neutral soliton
candidate interpretation awaits line-profile decomposition and X-ray flux limits.

¢ Resolved phase-space test: spatially resolved spectra should show an ordered centroid field whose local dispersion remains
small where the inferred Temporal Shear is smooth.

¢ Gas-star universality: newly formed stars should inherit the local gas centroid at formation; systematic gas—star slip instead
identifies hydrodynamic forcing.

e Wake Chronometry: Stellar population ages along the wake should be consistent with the transit time of the perturber across
the observed wake length (distance/v,). Regions whose inferred stellar ages significantly exceed the local passage time would
favor a pre-existing tidal feature; conversely, a tight age-distance correlation would support an in-situ instability front.

¢ Wake Collimation: The wake should remain narrow (high aspect ratio) over its full extent, consistent with a laminar metric
disturbance rather than turbulent thermal mixing.
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Box 7.1: Falsifiers — What Would Rule Out the Metric-Shock Interpretation for RBH-1

The following observations would falsify the specific candidate Temporal Topology soliton/wake interpretation of RBH-1,
without necessarily invalidating the broader TEP framework:

1. Hot X-ray Halo: Detection of an extended hot X-ray component (1" = 107 K) coincident with the wake with sufficient
luminosity and emission measure (L x ~ 10*~10%2 erg/s) to account for the dominant post-shock kinetic energy
dissipation would indicate bulk thermal shock heating, excluding the predominantly cold metric-shock model for this
object.

2. Thermal Line Widths: If the near-tip [O I1I] or H emitting component has & = 80 km/s (consistent with 7' ~ 107 K
thermalization), the cold-flow interpretation fails.

3. Wake Broadening: If the wake aspect ratio decreases to < 10 : 1 at large distances (indicating Kelvin-Helmholtz
turbulent mixing), the laminar metric-shock model is excluded.

4. Scaling Mismatch: If RBH-1's crossover scale deviates from the M RE prediction by > 30, it would indicate that RBH-1
is not consistent with the soliton interpretation (or that the characteristic density varies), but would not by itself falsify the
Universal Scaling Law derived from other systems (e.g., Milky Way).

Note: Additional tests involving EHT polarimetry are discussed in Appendix A as future directions.
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Appendix A: Prospective Observational Tests

This appendix outlines prospective observational tests in which the Temporal Topology and metric-shock phenomenology developed
for RBH-1 yield distinct predictions across independent astrophysical systems.

A.1 EHT Polarimetry
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Figure A.1: EHT Polarimetry Prediction. Simulated polarization signatures for a standard black hole (left) vs. a horizonless soliton (right). The soliton model

predicts non-zero polarized flux in the central depression due to transmission through the core.

Permeable horizonless temporal-well models predict detectable polarized flux inside the central brightness depression of Event
Horizon Telescope (EHT) sources (M87* and Sgr A*) from rays transmitted through the regular core (developed quantitatively in
Paper 28, TEP-BH).

¢ Observable discriminator: Non-zero interior polarized flux fraction and altered inner-ring Faraday rotation profile in full-
Stokes VLBI reconstructions, tested via polarized radiative-transfer and GRMHD forward modeling.

A.2 Additional JWST Case Studies

Several late-2025 JWST/NIRSpec discoveries exhibit kinematic or stellar-population tensions where a refractive proper-time gradient
provides a concrete, testable observable channel alongside standard baryonic models (analyzed at catalog scale in Paper 12, TEP-
JWST, and Paper 19, TEP-LENS).

A.2.1 Little Red Dots (LRDs)

JWST has revealed a population of compact sources at z 2 3 with distinctive UV-optical continua and broad Balmer emission. Late-
2025 population studies based on public NIRSpec/PRISM spectroscopy report samples of order ~ 102 objects and conclude that
broad Balmer lines are widespread in LRD-selected sources (de Graaff et al. 2025; Barro et al. 2025). A large spectroscopic census
further reports that a v-shaped UV-to-optical continuum, a rest-optical point-source component, and broad Balmer lines are strongly
linked within a large 2 > 3 NIRSpec sample (Hviding et al. 2025). Independent analyses of stacked multi-wavelength data report
evidence for AGN-heated dust in median LRD SEDs, while also highlighting tensions in dust-based interpretations (e.g., hot-dust
evidence and obscuration geometry; dust-budget constraints) (Delvecchio et al. 2025; Chen et al. 2025).

o Potential TEP connection. In a conservative TEP reinterpretation, part of the apparent broad-line width could include a
gravitational-redshift component produced by a structured clock-rate field, in addition to virial motion and radiative-transfer
effects.

o Discrimination. Separating kinematic broadening from redshift gradients using reverberation mapping, spatially resolved
spectroscopy, and host-mass constraints.

A.2.2 Massive Quiescent Galaxies at High Redshift

PRIMER+JADES analyses report a mass-complete catalog of 225 quiescent candidates at z > 2 with M, > 10'° Mg, over ~ 320
arcmin?, and infer number densities that exceed representative pre-JWST estimates by factors of order a few, while noting that
simulations increasingly fall short at z > 3 with discrepancies approaching ~ 1 dex (Stevenson et al. 2025).

e Potential TEP connection. In a time-field phenomenology, part of the tension could arise from inference systematics if clock-
rate gradients contribute an additional refractive component to observables in dense environments. Under an isochronous GR
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prior, such contributions can be misinterpreted as excess mass or altered stellar-population parameters.
o Discrimination. Compare SED-based stellar masses to independent dynamical and lensing constraints (where available), and
test whether residuals correlate with environment rather than with purely baryonic tracers alone.

A.2.3 Strong-Lensing Time-Delay Cosmography

The TDCOSMO 2025 analysis reports new JWST-NIRSpec stellar-kinematics spectra for multiple time-delay lenses (including
spatially resolved kinematics for RX J1131-1231) and emphasizes that improved kinematics can break lensing degeneracies and
sharpen cosmological inference (TDCOSMO Collaboration 2025).

o Potential TEP connection. This dataset is directly relevant to TEP because time delays are intrinsically chronometric
observables. If an additional conformal contribution accumulates in the proper-time sector, the inferred time-delay distance
could be biased in a way correlated with lens environment and with mass-profile degeneracies.

o Discrimination. Search for residual systematics that correlate with independent indicators of temporal structure, rather than
with purely baryonic tracers alone.

A.3 Magnetar Timing Anomalies

Standard neutron stars experience "glitches" (sudden spin-ups). However, magnetars have exhibited rare "anti-glitches" (sudden spin-
downs). In the TEP framework, these are interpreted as boundary interactions: as the star's light cylinder expands toward the soliton
scale (R o« M Yy 3), the magnetosphere approaches a field transition, enabling a rapid change in torque.

The magnetar 1E 2259+586 provides a prospective test case—its spin period lies within 3% of the nominal TEP critical period (
Pt ~ 6.8 s for a 1.4M neutron star, using the same pr calibration as RBH-1), motivating a population-level test of whether the
soliton boundary scale extends universally across compact-object mass scales.

e Potential TEP connection. The anti-glitch timing and magnitude could be correlated with the light-cylinder radius approaching
the soliton boundary scale predicted by p7.

o Discrimination. Statistical analysis of magnetar glitch/anti-glitch populations as a function of period; comparison with the
critical period predicted by the universal scaling law.

A.4 Summary of Prospective Channels

These prospective channels are distinct from the primary RBH-1 wake analysis in the main text; each specifies a concrete
observational signature—interior VLBI polarization, environment-correlated SED-versus-dynamical mass residuals, strong-lensing
time-delay residuals, and the magnetar critical-period boundary—through which the universal pr scaling can be independently
falsified.

Data Availability & Reproducibility

This work follows open-science practices. Every numerical claim introduced by the transport-consistency revision is
generated deterministically from explicitly cited published measurements or stated theory inputs. The registered calculations
do not synthesize observational data. Diagrammatic figures are labelled as schematics and are not used as measurements.
Reproduction of the published Keck/LRIS line fit remains contingent on release of its reduced spectrum.

Repository & Code
GitHub Repository: github.com/matthewsmawfield/ TEP-RBH

The repository contains deterministic, version-controlled consistency calculations for the RBH-1 candidate interpretation, together
with figure-generation and optional public-archive retrieval utilities.

Repository Structure

TEP-RBH/
I— results/ # Analysis outputs and figures
— scripts/
I— steps/ # Registered manuscript calculations

|
| | l— step 01 transport consistency.py
| | — step 02_soliton_existence.py

|

I— analysis_checks/ # Physics validation scripts
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cooling calculation.py
jeans_analysis.py
soliton_ scale check.py

[TTT

stress_energy check.py

— figures/ # Figure generation (10 figure scripts)
I— 01 observation schematic.py

01_wake_anatomy.py

02 _sensitivity.py

[4 additional figure scripts]

[T

— site/
L figures/ # Site-specific figure outputs
— utils/ # Shared utilities

I— compress_pdf.py

I— logger.py
L process_pdf.py

I— site/

| L— components/ # HTML manuscript source

L— requirements.txt # Python dependencies

Data Provenance

Data Source Provider Access Method Download Size Reference
RBH-1 resolved kinematics van Dokkum et al. (2026) Published measurements Not redistributed arXiv:2512.04166v2
JWST Archive MAST Public archive Archive-dependent MAST

Repository data status: no observational FITS products or reduced Keck/LRIS spectrum are redistributed. The registered transport
calculation uses only the published numerical endpoints and their cited provenance. Archive download sizes depend on the products
selected at MAST.

Reproduction Instructions

Quick Start (Analysis Reproduction)

# 1. Clone repository
git clone https://github.com/matthewsmawfield/TEP-RBH.git
cd TEP-RBH

# 2. Install dependencies
pip install -r requirements.txt

# 3. Run physics validation checks

python scripts/steps/step 01 transport consistency.py
python scripts/steps/step 02_soliton_existence.py
python scripts/analysis checks/cooling calculation.py
python scripts/analysis_checks/jeans_analysis.py

# 4. Generate all figures

python scripts/figures/01 observation_schematic.py
python scripts/figures/01 wake anatomy.py

python scripts/figures/02_ sensitivity.py

# ... (run remaining figure scripts)

# 5. Build manuscript
cd site

npm install

npm run build

System Requirements

Component Minimum Recommended Tested On
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CPU 4 cores 8 cores Apple M4 Pro (14-core)

RAM 8 GB 16 GB 24 GB (M4 Pro)
Storage 2 GB 5GB NVMe SSD
Runtime ~10-20 minutes ~10 minutes (M4 Pro)

Detailed Analysis Scripts

The repository contains physics validation scripts and 10 diagram-generation scripts. The diagrams are explanatory schematics; they
are not synthetic observations and do not enter the numerical evidence ledger.

Physics Validation Scripts

step_01_transport_consistency.py — Applies the conformal endpoint theorem and the profile-frame work integral to the
published RBH-1 position—velocity endpoints; records both the rest-entry normalization and a collinear benchmark using the
published 954 km s~ pattern speed, together with the acceleration, equivalent mass, scalar stress-energy ledger, and
conditional local-coherence bound in results /step 01 transport consistency.json
step_02_soliton_existence.py — Solves the forced spherical boundary-value problem for the required matter-sourced temporal
well under both the unit-term control and Paper 0's selected two-branch kinetic sector (Px = k\/ E + 2¢, k = 16.03; quartic
amplitude-sector interior equilibrium); returns the shear-recovery radius Ry = y/ GM /g:, the delivered halo-depth ledger, the
two-branch exterior shear enhancement (3.28 x at 1 kpc, 32.8 x at 10 kpc), and the transit-coherence timescales in
results/step 02 soliton existence.json
cooling_calculation.py — Validates post-shock cooling times vs dynamical times for RBH-1 soliton; computes t_cool/t_dyn
ratio to confirm shock persistence
jeans_analysis.py — Computes effective Jeans mass behind metric shock; derives M_Jeans from TEP field equations with
screening corrections; evaluates the ambient-density bookkeeping and the compressed-condensate density table (output:
results/jeans_analysis.json)

Figure Generation Scripts (10 total)

01_observation_schematic.py — Figure 1: RBH-1 observation schematic showing JWST NIRSpec IFU layout, shock
geometry, and wake orientation

01_wake_anatomy.py — Wake anatomy diagram: detailed shock structure, ionization fronts, and velocity field decomposition
02_sensitivity.py — Figure 2: Falsification sensitivity analysis showing detection limits and parameter constraints
07_polarization.py — Polarization analysis: predicted line polarization signatures from anisotropic shock excitation

09 _line_width_test.py — Line width diagnostic: [OIII] line width vs shock velocity correlation test

10_wake geometry.py — Wake geometry reconstruction from observed ionization gradient

11_stellar_age.py — Stellar age analysis: age constraints from stellar population synthesis

12_line_ratios.py — Line ratio diagnostics: [OIII]/HP vs [NII]/Ha BPT classification and shock models

13_energy budget.py — Energy budget calculation: shock energetics, radiative losses, and total injected energy
14_scaling.py — Figure 3: Universal soliton scaling law M_soliton « 6* showing RBH-1, magnetars, and theoretical prediction

All scripts produce outputs in site/figures/ with JSON metadata logs for traceability. Run individual scripts via: python

scripts/figures/XX script name.py

Key Analysis Outputs

site/figures/figure 01 observation.png — Observation schematic
site/figures/figure 02 sensitivity.png — Falsification sensitivity
site/figures/figure 10 scaling.png — Soliton scaling law

Software Versions

L]

L]

Python 3.10+
NumPy 1.24+
SciPy 1.10+
Matplotlib 3.7+
Astropy 5.0+
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