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Abstract - We propose that the vacuum of space is permeated by a supersolid dark matter medium whose
displacement by ordinary matter is the physical manifestation of spacetime curvature. The gravitational
signature of a galaxy is not a co-located particle halo but the mass of the neighboring supersolid medium
displaced by the galaxy, determined causally by the galaxy’s own baryonic mass, rotational velocity, and
spatial extent. This displacement scaling relation reproduces the baryonic Tully-Fisher relation as a causal
consequence of displacement geometry in the plane of rotation. We derive three physical properties of the
supersolid medium from two independent observations with no free parameters: background density from
the baryonic Tully-Fisher relation applied to the NGC 1052 trail galaxies, shear wave speed from the Bullet
Cluster restoring timescale confirmed by Zw(Cl0024+1652, and shear modulus from their product. We apply
this framework to the NGC 1052 field, where the trail of galaxies including NGC 1052-DF2, NGC 1052-DF4,
and NGC 1052-DF9 presents a unique natural experiment. The bullet dwarf collision produced dynamically
quiet galaxies whose slow rotation displaces very little of the surrounding medium, producing the low velocity
dispersions precisely as the framework predicts. We propose that existing bullet dwarf simulations be rerun
replacing collisionless particle dark matter with a continuous supersolid medium initialized with the derived
physical properties, predicting that displacement scaling across the trail emerges naturally from the collision
geometry without free parameters per galaxy.

Keywords - Supersolid dark matter; Spacetime curvature; Displacement geometry; Baryonic Tully-Fisher
relation; Galaxy clusters; Dark matter medium.

1 Introduction

The standard cosmological model posits that galaxies form within halos of cold dark matter, with
dwarf galaxies being the most dark-matter-dominated systems due to their low escape velocities
[1,2]. The discovery of NGC 1052-DF2 and NGC 1052-DF4—two ultra-diffuse galaxies with velocity
dispersions consistent with their stellar mass alone—challenged this picture fundamentally [3, 4].
The subsequent identification of a kinematically connected linear trail of galaxies in the NGC 1052
field, and the recent confirmation that NGC 1052-DF9 shares the same properties [5], deepens the
challenge further.

The prevailing explanation invokes a bullet-dwarf collision [6H8]: a high-speed collision between
two gas-rich dwarfs separated baryonic gas from its dark matter halo, with the gas condensing into
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the trail galaxies we observe today. While this scenario is consistent with the trail’s kinematics
and geometry, it requires dark matter to behave as a collisionless particle distribution that separates
cleanly from baryonic gas—a specific and unverified property.

Here we propose a different physical picture. The vacuum of space is not empty. It is permeated
by a supersolid dark matter medium, and the displacement of this medium by ordinary matter is the
physical manifestation of spacetime curvature. In this framework, the gravitational signature of a
galaxy reflects the mass of the neighboring supersolid medium displaced by that galaxy—determined
continuously by the galaxy’s own properties. Galaxies that are massive and rapidly rotating displace a
large neighboring region of the medium. Galaxies that are low-mass and slowly rotating displace very
little. The NGC 1052 trail galaxies are not anomalies—they are the natural low end of a continuous
and causally determined scaling relation.

In Section 2l we develop the theoretical framework and derive the physical properties of the
supersolid medium from observations. In Section 3|we apply it to the NGC 1052 system. In Section 4]
we present observational predictions. In Section [§l we propose a simulation program. Section [6]
concludes.

2 Theoretical Framework

2.1 The Supersolid Medium as the Fabric of Spacetime

We propose that the vacuum of space is filled by a supersolid dark matter medium. A supersolid
possesses both the phonon modes of a superfluid and the crystalline rigidity of a solid, allowing it to
sustain a displacement state when matter is embedded within it. This rigidity is essential: a purely
superfluid medium flows around matter rather than maintaining a stable displacement configuration,
and therefore cannot produce the persistent gravitational signatures we observe.

The key postulate of the framework is that the displacement of this medium by ordinary matter
is the physical manifestation of curved spacetime. Curvature is not a geometric abstraction imposed
on an otherwise empty vacuum—it is the physical state of a displaced medium. Where there is no
displacement, spacetime is flat. Where there is deep displacement, spacetime is strongly curved.

2.2 The Displacement Scaling Relation

The governing equations remain those of General Relativity. The framework does not modify or
replace Einstein’s field equations—it proposes that they have been applied to an incomplete mass
inventory. The total mass inferred from gravitational lensing is:

¢z 62DrsDyr
4G Ds

Subtracting the baryonic contribution gives the dark matter mass—in this framework, the mass
of the neighboring supersolid medium displaced by the galaxy:

Mpm = Miens — Mbaryonic- (2)

This decomposition is standard practice in dark matter astronomy—AMjens is measured from
lensing, Mparyonic from stellar mass estimates, and the difference attributed to dark matter [9]. In this
framework, Mpy is not a co-located particle halo but a physically identified quantity: the mass of the
supersolid medium whose displacement state is causally determined by the galaxy’s own dynamics.

For a normal galaxy, Miens > Mparyonic- For a slowly rotating, low-mass galaxy like those on the
NGC 1052 trail, Miens ® Mparyonic—not because the medium is absent, but because the galaxy has
displaced so little of it. Where there is little displacement, spacetime is nearly flat.

The displacement state is not a free parameter—it is dynamically determined by the galaxy’s
properties:

Miens = (1)

MDM = f (Mbaryonicr Orot, T) . (3)

where v, is the galactic rotational velocity and r is the displacement radius. The causal chain is:
Urot determines the displacement state, which determines r and Mpys simultaneously. They are not
independent quantities but coupled expressions of the same physical state.
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2.3 The Tully-Fisher Relation as a Consequence of Displacement Geometry

The baryonic Tully-Fisher relation (BTFR) is one of the tightest empirical correlations in extra-
galactic astronomy, holding across five orders of magnitude in galaxy mass [10]:

Mtotal o Ufor (4)

In the supersolid dark matter framework, this connection is causal. For a galaxy in rotational
equilibrium at radius r:

rot
o )

The dark matter mass Mpy is the mass of supersolid medium displaced by the galaxy. Because the
galaxy rotates in a plane, the displacement state is concentrated in the plane of rotation and diminishes
continuously with distance perpendicular to it. The displacement is not spherically symmetric—it
is strongest where the rotational dynamics act, giving an effective area scaling rather than a volume
scaling:

Mtotal =

MDM o pmediumrz' (6)
This 7 scaling follows directly from the planar geometry of rotation. A spherical geometry
would give Mpy « pmediumr3 and yield Miota vfot, inconsistent with observations. The planar
displacement geometry gives the correct v}, dependence.
From the causal chain, vy, determines the displacement state, which sets Mpy and r simulta-
neously through equations (5) and (6). Substituting r = GMiota1/ vfot from equation (5) into the area
scaling of equation (6):

MDM o pmedium( >
rot

Since Miotal = Mbparyonic + Mpm, the full system is self-consistent—oyot sets both r and Mpym

simultaneously without requiring either to dominate. The observable consequence of this geometry

1S:
4

o vrot )

Miotal Gzpmedium (8)
which is precisely the observed BTFR, verified empirically across five orders of magnitude in galaxy
mass [10]. The proportionality constant absorbs pmedium, G?, and the geometric factor of the dis-
placement field. Because pmedium i universal—the same background density everywhere in the
medium—the relation holds with the same slope across all galaxies. The observed tightness of the
BTFR is a direct consequence of the medium’s uniform background density.

We note that the derived density pmedium = 2.31 X 1073 kg m~2 is substantially larger than the
cosmological mean matter density (~ 1072 kgm™). The supersolid medium has uniform density
throughout space—this is a fundamental property of a supersolid. The derived pmedium represents
this uniform background density, not a local concentration. The apparent discrepancy with the
cosmological mean matter density reflects the fact that the cosmological mean is calculated within the
standard particle dark matter framework, which distributes dark matter in halos and voids following
the matter power spectrum. In the supersolid framework the medium fills all of space uniformly
at Pmedium- Reconciling this value with cosmological constraints is an important direction for future
theoretical work.

2.4 Physical Properties of the Supersolid Medium
We derive three physical properties of the supersolid medium from two independent observational
systems with no free parameters.

2.4.1 Background Density from the Baryonic Tully-Fisher Relation

From equation (8), treating Miotal & Mbparyonic for the NGC 1052 trail galaxies where Mpy ~ 0:
4

0
rot
Pmedium & . (9)
Gszaryonic
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Applying this to DF2 (o = 8.5kms™!, M, = 2.0 x 108My), DF4 (0 = 7.7kms™, M, = 1.5 X 105My),
and DF9 (0 = 6.4kms™!, M, = 1.4 x 108My):

Prmedium(DF2) = 2.95 X 10 kgm ™. (10)
Pmedium(DF4) = 2.65 x 10 kgm ™. 11)
Pmedium(DF9) = 1.35 x 10 kgm ™. (12)

The mean is pmedium = 2.31 X 1073 kg m~3. The 30% variation across the three galaxies is consistent
with measurement uncertainties: because the BTFR scales as Ufot, a 33% difference in o between DF2
and DF9 becomes a 211% difference in o*. We acknowledge the absence of formal error propagation
as a limitation of this first-order estimate. The 30 meter telescope will reduce velocity dispersion
uncertainties by approximately an order of magnitude, enabling a rigorous statistical treatment.

2.4.2 Shear Wave Speed and Displacement Wave Propagation

The propagation of displacement waves through the supersolid medium is governed by the
dispersion relation:

w = vsk. (13)

where w is the wave frequency and k is the wavenumber. The propagation speed v; is set entirely by
the medium’s elastic properties—not by the energy of the collision. A harder collision deposits more
energy into the medium, producing a higher amplitude wave, analogous to striking a steel beam
harder producing a louder but not faster sound wave.

The Bullet Cluster (1E 0657-558) collided approximately 150 million years ago at a relative velocity
of ~ 4,000 kms~!. The displaced medium—observed as an offset lensing signal—has not yet restored
tobackground state. X-ray analyses indicate the system will fully relax on a timescale of approximately
1 billion years [9,11]]. Taking L ~ 0.2 Mpc (the observed offset between the lensing peak and the X-ray
gas [9]) and 7 ~ 1 Gyr:

vs = % ~195kms™. (14)

An independent confirmation is provided by ZwCl0024+1652, in which Hubble imaging reveals
a ring-shaped displacement wave at radius ~ 0.4 Mpc from a collision that occurred 1-2 billion years
ago [12]. Taking 7 = 2 Gyr:

0.4 Mpc
2Gyr

0s(ZwCl10024) = ~195kms™!. (15)

The agreement between two independent merging cluster systems is consistent with vs ~ 195 km s~!
being a universal property of the supersolid medium.

In a clean two-body collision like the Bullet Cluster, the collision sends the displacement wave
rippling away at vs. The baryonic gas, being collisional, is shocked and slowed. The lensing signal is
offset from the gas because the medium’s displacement state has propagated ahead of where the gas
now sits [9]]. In more complex multi-body collisions, waves from multiple directions superpose:

Viotal = V1 + V2 +V3+---. (16)

The displacement states add constructively at the collision center, producing a dark core rather
than offset halos. Abell 520 is exactly this case [13, [14]—deeply puzzling for particle dark matter
models but natural in the supersolid framework. Same medium, same physics—different collision
geometry produces a fundamentally different observable outcome.

The NGC 1052 bullet dwarf collision occurred approximately 8 billion years ago. At v; =
195kms™, the displacement wave has long since propagated well beyond the trail system. The
trail galaxies have had approximately 6 billion years—six restoring timescales—for the medium to
return to background state, fully consistent with Mpy = 0 for DF2, DF4, and DF9.
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2.4.3 Shear Modulus

The shear modulus u of the supersolid medium relates the shear wave speed to the background
density:

u= pmediumvg . (17)

Substituting the derived values:
2
u=231x10"kgm>(1.95x10°ms™) = 8.8 x 10" Pa. (18)

This value is close to the shear modulus of laboratory helium-4 supersolid (~ 107 Pa) [15], which
is physically meaningful—the cosmic supersolid medium shares the order-of-magnitude rigidity of
the only known laboratory supersolid. These three derived properties—pmedium, vs, and y—provide
the equation of state needed to initialize the simulation described in Section 5|

3 The NGC 1052 System: A Complete Displacement Picture

3.1 The Collision Geometry

The NGC 1052 field contains a remarkable configuration: a massive elliptical galaxy (NGC 1052)
surrounded by a linear trail of ultra-diffuse dwarf galaxies, kinematically connected with a linear
velocity gradient along the trail axis [5) [16]. The trail is consistent with joint formation in the
aftermath of a single high-speed bullet-dwarf collision approximately eight billion years ago [5} 8].

Before the collision, two gas-rich dwarf galaxies each sit in their own displacement state—each
continuously displacing the surrounding supersolid medium in proportion to its mass and rotational
dynamics. As the two galaxies approach at high velocity, their displacement states begin to overlap
and interact, then ripple outward as the collision develops. The ripple is a displacement wave
propagating through the supersolid medium at vs ~ 195kms™! (Section 2.4). The amplitude of the
disturbance is determined by the collision velocity of ~ 300-358 km s™! of the progenitor galaxies [8].

The baryonic gas, unable to pass through itself the way the medium can, is stripped and slowed.
It condenses into the trail galaxies along the path of the propagating disturbance. Each condensate
forms from gas that is kinematically cold, slowly rotating, and low-mass. These properties, not the
collision history, determine the displacement state of each resulting galaxy.

3.2 The Trail Galaxies as a Displacement Population

Each galaxy on the NGC 1052 trail continuously writes its own displacement signature into the
surrounding medium, determined entirely by its current mass and rotational dynamics. The velocity
dispersion of each trail galaxy is the direct observable of its displacement state. A galaxy that has
displaced a large neighboring region of the medium experiences a deeper gravitational potential and
shows a higher velocity dispersion. A galaxy that has displaced very little shows a lower dispersion,
consistent with its stellar mass alone.

This is the key prediction of the framework: the velocity dispersions of the trail galaxies should
follow the displacement scaling relation continuously, from the most massive trail members down to
the faintest, with no free parameters per galaxy.

3.3 NGC 1052-DF9: The Critical Test

Keim et al. [5] measure o = 6.4J_“i:g km s~! for DF9, consistent with the 8.3J_“(1):Z kms~! expected from
its stellar mass of 1.4 x 103M, alone, and far below the 27 + 3kms~! expected if DF9 followed the
stellar mass—halo mass relation. In the supersolid framework, DF9’s dynamics are too slow and its
mass too small to have significantly displaced the medium. The spacetime in DF9’s neighborhood is
very nearly flat—not because the medium is absent, but because DF9 has displaced so little of it.
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3.4 The Linear Velocity Gradient as a Medium Disturbance

The trail galaxies” radial velocities follow an approximately linear relation with position along
the trail axis [5]. In the supersolid framework, this is consistent with a coherent disturbance that
propagated through the medium at v;, with DF9, DF2, DF4, and the remaining trail galaxies marking
baryonic condensates along that disturbance’s path.

4 Observational Predictions

4.1 Displacement Scaling Across the Full Trail

The displacement scaling relation predicts the gravitational signature of every galaxy on the NGC
1052 trail from their observable kinematics alone, without free parameters per galaxy. With DF9
now measured, all trail galaxies above 108Mg, have confirmed velocity dispersions. The remaining
trail members have stellar masses of 10°~10” M, with expected dispersions of 1-4km s™1. Measuring
these with current technology would require approximately one month of observing time per object
(Keim, private communication). This test becomes practically feasible with the upcoming 30 meter
telescopes.

4.2 The Lensing-Kinematics Consistency Test

In the supersolid framework, both lensing mass and kinematic mass reflect the same displacement
state of the medium. The framework predicts Miens & Mparyonic for the NGC 1052 trail galaxies. We
note that at these mass scales the trail galaxies are not practical gravitational lenses (Keim, private
communication). The lensing—kinematics test is therefore proposed as a general prediction applicable
to more massive systems with detectable lensing signals.

4.3 The Displacement Trough Prediction

The supersolid medium fills all of space uniformly. But its local displacement state can be
perturbed by a passing wave. DF9’s measured dispersion of 6.4kms™! sits below the 8.3kms™!
expected from its stellar mass, within current measurement uncertainties. If future measurements
of the full trail population reveal a systematic pattern of dispersions below the stellar mass baseline,
this would be a forward-looking prediction of the supersolid framework that the standard model
cannot make in advance. We note that integrated light measurements carry an intrinsic ~ 2kms~!
uncertainty from stellar broadening systematics (Keim, private communication).

5 Proposed Simulation: The Bullet Dwarf Collision in a Supersolid Medium

The most direct test of the framework is to rerun the existing bullet dwarf simulations [6-8]
replacing the collisionless particle dark matter model with a continuous supersolid medium initialized
with the physical properties derived in Section 2.4: pmedium = 2.31 X 1073 kg m~3,v; ~ 195kms~!, and
i = 8.8 x 10 Pa.

The displacement states of the two pre-collision galaxies are initialized from their baryonic mass
and rotational profiles using the displacement scaling relation of Section 2.3. As the collision pro-
ceeds, the medium responds dynamically—the displacement states overlap and interact, then ripple
outward at v;. Each trail galaxy’s gravitational potential is determined by its own dynamically evolv-
ing displacement of the medium. The medium’s restoring timescale of ~ 1 Gyr ensures that by the
present day the medium has fully restored to background state throughout the trail.

The key question: does the displacement scaling relation across the full trail population emerge
naturally from the collision geometry and the derived medium properties, without free parameters
for individual halo masses? A secondary question is whether the propagating displacement wave
at vs predicts the observed linear velocity gradient. This simulation program does not require new
hydrodynamical code—only replacement of the collisionless N-body dark matter treatment with a
medium characterized by the equation of state derived in Section 2.4.
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6 Discussion and Conclusions

We have presented a framework in which the vacuum of space is permeated by a supersolid dark
matter medium whose displacement by ordinary matter is the physical manifestation of spacetime
curvature. The gravitational signature of a galaxy is the mass of the neighboring medium displaced
by that galaxy, determined continuously by the galaxy’s own baryonic mass, rotational velocity, and
spatial extent.

We have derived three physical properties of this medium from two independent observational
systems with no free parameters: pmedium = 2.31X 1073 kg m 2 from the baryonic Tully—Fisher relation
applied to the NGC 1052 trail galaxies, vs ~ 195kms™! from the Bullet Cluster and confirmed by
ZwCl0024+1652, and p = 8.8 X 107 Pa—close to the laboratory helium-4 supersolid value.

The baryonic Tully-Fisher relation falls out as a direct causal consequence of displacement geom-
etry in the plane of rotation, with no free parameters. The observed tightness of the BTFR across five
orders of magnitude in galaxy mass is a direct consequence of the medium’s universal background
density.

Applied to the NGC 1052 trail, this framework provides a natural account of the observed kine-
matics. DF9’s measured velocity dispersion of 6.4kms™ is not a puzzle to be explained. It is the
direct readout of how little of the supersolid medium DF9 has displaced.

The NGC 1052 trail is not merely a challenge for the standard model. It is a natural experiment
designed, as if by intent, to discriminate between a universe in which dark matter is a particle pop-
ulation that can be separated from baryons, and a universe in which dark matter is a continuous
medium whose displacement by ordinary matter is what gravity is.

Data Availability: The data that support the findings of this study are openly available at https:
//doi.org/10.5281/zenodo.19270019.
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