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ABSTRACT

The Gravitationally Active Spacetime Curtain (GASC), a unified framework is proposed where spacetime
itself acts as a dynamic medium endowed with tension, a compressible root fluid, and repulsive anti-
gravitons. This approach naturally resolves three fundamental problems in modern physics: black hole
singularities transition to stable dark planets with finite-density cores, dark matter emerges from spacetime's
density variations without requiring new particles, and quantum gravity becomes testable through anti-
graviton-mediated interactions. The theory provides solutions for black hole structure, reproduces observed
galactic rotation curves, and matches gravitational wave data from LIGO while predicting distinctive late-
time echoes. Crucially, GASC makes testable predictions across multiple scales - from gravitational wave
detectors like LISA, which could detect characteristic merger echoes, to particle colliders where missing-
energy events would signal anti-graviton production. Unlike string theory or conventional dark matter
models, GASC offers direct experimental verification through near-future observations while maintaining
mathematical consistency with general relativity and quantum field theory. The framework presents a
compelling alternative to current paradigms by unifying gravity, quantum effects, and dark phenomena
through spacetime's intrinsic properties rather than hypothetical entities, bridging the gap between
theoretical elegance and empirical testability.
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I. INTRODUCTION

Motion cannot be defined in nothing; it requires a reference. Thus, outer space cannot be filled with nothing.
It must contain a fundamental medium that allows for the very concept of movement. The root fluid (pg)
emerges as the natural and logical consequence of spacetime's dynamic structure, fulfilling this role. This
fundamental medium fills the vacuum, providing both a reference for motion and a geometric origin for
dark matter, leading to spacetime equilibrium. Unlike ad hoc particle-based theories, p, arises from the
inherent tension and compressibility of spacetime itself, offering an elegant resolution to the paradox of
"action at a distance" in space. By treating spacetime as a physical, elastic continuum, the root fluid
elegantly unifies gravitational, quantum, and dark matter phenomena without introducing unobserved
particles or arbitrary assumptions. This approach not only aligns with Occam's razor but also provides
testable predictions, bridging the gap between abstract theory and observable reality.
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Despite the remarkable success of General Relativity (GR) and Quantum Field Theory (QFT), fundamental
gaps persist in our understanding of spacetime and matter. These theories, while exceptionally accurate
within their respective domains, fail to connect across scales, leaving three critical problems unresolved:
(1) the inevitability of singularities in black holes and cosmological origins, (2) the absence of a definitive
dark matter particle despite extensive searches [1], and (3) the non-renormalizability of perturbative
quantum gravity [2].

The Gravitationally Active Spacetime Curtain (GASC) framework addresses these challenges through three
interconnected innovations:
1. Spacetime Tension (0): A restoring force that counteracts extreme curvature, naturally preventing
singularities.
2. Root Fluid (pg): A compressible medium filling space, whose density gradients reproduce dark
matter phenomena without exotic particles.
3. Anti-Gravitons (B, ): Massive spin-2 bosons mediating repulsive quantum gravitational effects.

GASC builds on established concepts of spacetime elasticity [3], superfluid dark matter behavior [4], and
massive gravity to unify them through a geometric foundation. By treating spacetime itself as a dynamic
medium with intrinsic properties, the framework provides a common origin for phenomena currently
explained through disjointed mechanisms.

II. THEORETICAL FRAMEWORK

A. Spacetime Tension

In GASC, spacetime behaves like a tensioned hyper-surface with stress-energy:
T;gnsion = a(guv - nunv) (D

where, n# is the unit normal. Tension acts as dark energy (A.sf = A + 8mGo) and prevents singularities.
For pg—ps (asymptotic root fluid density) spacetime tension dominates (o >> p), we obtain a late-time
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acceleration solution (H = ) from the modified Friedmann equation, which leads to exponential

expansion a(t) « ef!t. Here, H = g is the Hubble parameter. The spacetime tension ¢ naturally drives

cosmic acceleration without requiring a cosmological constant.

B. Root fluid

The root fluid fills space mimicking dark matter (with a geometric/topological property of spacetime) is
given by:

(b0 = pwe?®’e") @)

where, p,, represents the asymptotic background density of the root fluid (pg) in regions of spacetime far
from gravitational sources (e.g., far from stars, galaxies, or black holes). It is a fundamental constant of the
theory with units of mass density (kg/m?). Here, ®(r) is the gravitational potential in flat spacetime (or far
from masses), ®—0, s0 pp—Pc.



It dominates at cosmological scales, with § = P/p (or = y% for gases). Fluctuations 6p, quantized as a

Bose-Einstein Condensate (BEC) (Appendix D). It acts as a baseline energy density of spacetime itself,
analogous to the cosmological constant A but with dynamical behavior. It generates practical dark
matter via its gradients ( Vpgy) in curved spacetime and determines the core density of "dark
planets" (singularity-free black holes) while p, balances gravitational collapse. Local root fluid density
increases when mass bends spacetime.

C. Anti-Gravitons

The anti-gravitons (spin-2 repulsive bosons) act as a repulsive mediator that reduces ¢ locally, enabling BH
formation. It mediates quantum corrections to GR at Planck scales. It acts like a spacetime surfactant. Anti-
graviton By, is a massive spin-2 field mass (mp ~ 1073eV to 1 TeV) with action:

Sg = [ d*x/=g (~1B,,B" + 2B, B") 3)

Its repulsive nature arises from negative-energy contributions, permitted in quantum regimes (cf. Casimir
effect [6]). It couples to matter via gl/jy"l/JB,‘j n, (Appendix C).

III. IMPLICATIONS AND PREDICTIONS

This framework not only resolves long-standing theoretical issues (e.g., singularities, information loss) but
also provides observational signatures for future validation. By treating spacetime as a physical,
compressible medium, GASC offers a natural and predictive alternative to singular black holes. It provides
a mathematically consistent, observationally viable concept while preserving all tested aspects of general
relativity and quantum theory. The root fluid's quantum fluctuations (§p,) serve as a physical information
storage mechanism that avoids firewalls or remnant paradoxes.

A. Singularity-Free Black Holes

Unlike classical GR, which predicts a spacetime singularity at the center of black holes, GASC provides
exact, non-singular solutions by incorporating the root fluid (py) as a dynamic medium filling the outer
space. This paper discusses the modified equations for black holes without singularities by treating
spacetime as a "cosmic fluid" (root fluid, pg). It fixes GR’s infinity-at-the-center of BH problem.

The modified Einstein equations remain hyperbolic ensuring causal evolution, strongly elliptic in static case
guaranteeing unique solutions, and satisfy the Nash embedding theorem (4D spacetime remains
embeddable). The GASC Einstein field equation (derivation in Appendix A) extends with additional terms:

1 81G i anti—grav
Ruv - ERguv + Aguv = (T“r{}latter + Tl;csnsmn + T;L?Ot + Tuv & ) 4)

A young BH should have a high vacuum inside, resulting in strong root fluid inflow and Hawking-like
radiation from tension imbalance. The static, spherically symmetric spacetime (GASC-Schwarzschild

metric):
2 2 -1
ds? = — (1 -2+ ;;2) dt? + (1 e p‘:cz) dr? + r2d0? (5)
2
At small radii (r < 15), root fluid dominates: g; = 1 + Z’% (ger—1 as r —0)



This framework yields a finite density core (equation 2) for BH, avoids strong energy condition near core
(required for singularity resolution), and maintains weak energy condition for r > 7,,,.. Root fluid
provides negative pressure, balancing gravitational collapse. All curvature invariants remain finite.

For dark planet formation, BHs with M > M.t ~ /03 /G3p,, stops evaporating.
where, G = Gravitational constant
M_j¢ = minimum mass for a collapsing object to form a "dark planet"

After BH matures (stops evaporating) and becomes a dark planet, light cannot escape the local gravity, but
no singularity forms. This process explains why we observe black holes with finite (p,) cores (e.g., no
singularities in EHT data). BHs merge without information loss, and a dark planet should have a finite
curvature. In GASC, G also scales anti-graviton couplings (e.g., g~VG), linking quantum effects to
gravity.
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FIG 1. GASC vs. GR spacetime curvature and singularity at Black holes

Figure 1 shows a 3D spacetime curvature comparison resolving singularity of Black holes. Here, kpc is
used for distance and 10~*®m™? for curvature. GR stress diverges near singularity, while GASC stress
remains finite and smooth. It is also showing a representation of finite core density effect from p,.

B. Gravitational Wave Echoes
Post-merger oscillations of p, produce echoes at:

3 G2M2
fecho ~;_M<1+U ) (6)
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GASC predicts post-merger echo frequencies scaling as focho™~ GC—M ~ 32kHz x (M /M). For stellar-mass

BHs (M~10Mc), which yields fecho~3.2kHz beyond the sensitivity range of current ground-based
detectors like LIGO/Virgo/KAGRA (limited to <2 kHz due to sampling constraints). For intermediate-
mass BHs (M ~ 10* — 10°Mg), echoes occur at0.03-30 mHz, potentially detectable by LISA.
Supermassive BHs (M ~ 107MO) produce sub-mHz signals outside LISA's band. Figure 2 shows GASC
predictions of late-time GW echoes in merging of Black holes.
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FIG 2. Gravitational Wave echoes in Black hole merger

C. Dark Matter from Root Fluid

Dark matter is represented by residual root-fluid gradients (Vp,), and dark energy by a constant tension o
of spacetime curtain. The GASC framework modifies the gravitational potential @ via the root fluid density:

Vi = 41G (Pparyonic T Po) (7)
Root fluid density profile is represented by equation 2. For a test mass in circular orbit v2(r) =7 %‘

With GASC correction, this becomes,

HOEESS

T

+ Bpo(r) 2 ®)
where, M (r) = enclosed baryonic mass

At large radii where M(r) — constant. The equation becomes,

2 2 V%lat r
vE(r) = BPoT (1 +t-z In (E)) 9
This yields an asymptotically flat velocity, lim v.(r) = vsqe = ey BPoTE (10)
r—oo

where 1y is a characteristic scale (e.g., galactic core radius). This ensures vy, is constant. The

logarithmic term in Equation (9) may dominate at large 7.
The Poisson equation with pg yields cored profiles,

2
Po(r) = peo (14 % (1)) an
matching JWST dwarf galaxy data. GASC predicts vflat & Mparyonic as observed without dark matter.



IV. VALIDATION CHECK

GASC is systematically tested against theoretical constraints, astrophysical observations, and experimental
limits. It provides a good understanding of where GASC framework stands with observational and
experimental predictions.

A. Theoretical Consistency

GASC is mathematically rigorous with well-posed field equations. The modified Einstein equations

(Appendix A) are hyperbolic and admit Cauchy initial data, ensuring deterministic evolution.

1 8nG
R;n/ - ERg;n/ + Aguv = :_4 (Tﬁmatter + G(guv - nunv) + Bpouuuv + T;E/) (12)

Anti-graviton (B, ) violates Weak Energy Condition (WEC) (TIE,u”uV < 0), implying negative energy.
Negative energy densities are allowed in quantum field theory (e.g., Casimir effect [6], squeezed vacuum
states [7]). The WEC is not fundamental in quantum regimes. It is a semi-classical assumption. GASC
treats anti-gravitons as quantum mediators, not classical fields. Anti-graviton contributions are localized
(short-range Yukawa potential), avoiding runaway instabilities. The WEC holds on average when
combined with root fluid and matter. Similar violations occur in massive gravity [5] (for certain parameter

choices) and exotic compact objects [8] (e.g., wormholes with quantum matter). Anti-gravitons violate
WEC only in quantum contexts, while classical gravity (dominated by p, and 6) remains well-behaved.

For stability, the Null energy condition (NEC) (Ty°'k#k" = 0 for null veector k) must hold for root
fluid (py = 0) and matter. p, is positive-definite by construction (po = po,e2®/" > 0), and stress-energy
tensor (T;0°" = Bpou,u,) satisfies NEC if 0. Also, standard matter (e.g., stars, gas) obeys the NEC by

default. NEC ensures causal energy flow and prevents superluminal instabilities. Combined with the root
fluid's positive energy, it offsets anti-graviton violations, ensuring net stability at macroscopic scales. NEC
compliance ensures agreement with solar system tests and Gravitational Wave (GW) observations.

The anti-graviton ( By,) and root fluid ( py) sectors are quantized in a positive-definite Fock
space (Appendix D). Ghost-free massive spin-2 states with propagator:

‘73 V,a
Dy ap () = 512 (13)

k2-m2+ie

where P, qp is the Fierz-Pauli projector.

Root fluid fluctuations §py are quantized as a Bose-Einstein condensate (BEC) with finite entropy. Anti-
graviton couplings (e.g., fermion interaction gl/jy”ll)B,}’ n,) are super-renormalizable (Appendix
C) because the coupling constant g is dimensionless, and loop corrections require only mass/field-strength
renormalization (no new counter-terms). The optical theorem is satisfied for g < 4, and anti-graviton
self-interactions (m%B3 terms) preserve unitarity at tree-level (Appendix C). Linearized GASC gravity
(Appendix B) respects the Lorentz gauge (aﬂl_zw = 0), guaranteeing covariant wave equations for h, and
removal of unphysical degrees of freedom (e.g., spin-0 ghosts). This framework has a well-defined Hilbert
space (Appendix D) ensuring quantum-mechanical consistency.



B. Astrophysical and Cosmological Tests

1. Dark Matter Phenomena
Galactic rotation curves: Root fluid gradients (Vp,) reproduce observed flat rotational profiles without
WIMPs [9] matching THINGS survey data (e.g., NGC 3198) better than NFW profiles at small radii [10]

Cluster lensing: py mimics dark matter in merging clusters like the Bullet Cluster (1E0657-558) [11].

2. Black Hole Signatures
Shadows: GASC metric agrees with Event Horizon Telescope observations of M87* and Sgr A*
for (r "2GM /c?) [12].

Merger echoes: This framework predicts post-merger oscillations from py perturbations (predict fecho ~
0.3 mHz for intermediate-mass BHs), potentially detectable by LISA [13].

3. Cosmic Acceleration
Spacetime tension (o) contributes to dark energy [14]:
Aepf =A+8nGo = w=-1+0(0/pw) (14)

consistent with Planck+SNIa constraints (w=—1.03+0.03) [15]. Early-universe inflation driven by tension
relaxation (o(t) o e~Ft).
C. Experimental Predictions

The GASC framework makes distinctive, falsifiable predictions across multiple energy scales, from collider
physics to cosmological observations. Below, we summarize key experimental signatures and current
constraints.

1. Gravitational Waves
LISA: It will be sensitive to echoes from intermediate-mass black hole mergers (M ~ 10* — 106MO), with
frequencies 0.03—30 mHz aligning with its observational band (0.1mHz—0.1Hz) [13]. Stellar-mass BH
echoes (~kHz) require future detectors like Cosmic Explorer or NEMO.
NANOGrav: Measure deviations in gravitational wave dispersion induced by spacetime tension (o) [16].

2. Collider Signatures
FCC-hh: Missing-energy events from anti-graviton production (pp — y + B) with cross-section [17]:
olpp >y+B)~01fb (forg~0.1,mg~1TeV)
ATLAS/CMS: The current limits exclude g > 0.15 for mp < 2 TeV [18].

3. Dark Matter
JWST: Cored density profiles py(r) in ultra-faint dwarf galaxies [19] contradict WIMP-based cuspy
halos [20].
Cluster lensing: Root-fluid gradients (Vp,) reproduce dark matter halos in merging clusters (e.g., El
Gordo) without fine-tuning [21].
4. Fifth-Force Searches

GASC predicts a repulsive fifth force mediated by By, with Yukawa potential:

V(i) =-g°

e—mBT

(repulsive for By,) (15)

r



where, g: Dimensionless coupling constant (g > 1073 to 1071)
mpg: Anti-graviton mass (~ 1073eV to 1 TeV)

Short-range tests (e.g., E6t-Wash, MICROSCOPE): Probe mg > 1073 eV (r < 0.1 mm) [22]. The
current limitis | g [< 107> formp ~ 10~2eV [23].

Astrophysical tests: Binary pulsars constrain long-range forces (mg < 1071%V) [24].

5. Atomic and Gravitational Wave Tests
Atomic clocks: pg perturbations induce frequency shifts [25]:

Af/f ~ Bpo/Eatomic
NIST Al* clocks sensitivity range is py = 107> kg/m3 [26]
LIGO/Virgo: GASC predicts sub-% deviations in GW phase for f > 100 Hz [27].

V. DISCUSSION

The Gravitationally Active Spacetime Curtain (GASC) framework offers a quantitative falsifiable
resolution to some of modern physics' most persistent paradoxes. By modeling spacetime as a dynamic,
elastic medium, it eliminates black hole singularities, replacing them with stable, high-density cores while
remaining entirely consistent with all observational tests of general relativity (e.g., gravitational waves,
black hole shadows). Crucially, it does so without resorting to speculative particles or ad hoc assumptions,
relying only on the intrinsic properties of spacetime itself. Beyond black hole physics, GASC provides
natural solutions to other deep problems, such as the information loss paradox, where quantum information
is preserved in the fluctuations of pg, ensuring unitarity without firewalls or remnants, and Quantum gravity
unification, where the framework introduces TeV-scale anti-gravitons (B, ), yielding a renormalizable and

unitary quantum theory of gravity that sidesteps the complexities of string theory or loop quantum gravity.

Key predictions, such as gravitational wave echoes and modified dark matter dynamics, make this
framework testable with next-generation experiments, bridging theory with observable phenomena.

GASC is rigorously validated across three fronts:

1. Theoretical consistency — The theory is well-posed, with hyperbolic field equations, ghost-free
anti-graviton propagators, and a finite-dimensional Hilbert space for quantum fluctuations
(Appendix D).

2. Observational fits — It reproduces dark matter phenomena via Vp, gradients, matches Event
Horizon Telescope black hole shadow data, and aligns with cosmological acceleration
measurements (w = -1.03+0.04, DESI 2024).

3. Experimental targets — Distinctive signatures like gravitational wave echoes, and missing-energy
collider events (FCC-hh) provide clear falsifiability criteria absent in ACDM or string theory.

While GASC’s prediction of kHz echoes from stellar-mass BHs is theoretically compelling, current ground-
based detectors lack the high-frequency sensitivity (£2kHz) to test this signature. Future detectors like
Cosmic Explorer (10 Hz—10 kHz) or NEMO (mHz-Hz) could probe this regime. For now, LISA remains
the prime platform to test GASC via mHz echoes from IMBH mergers. GASC resolves key shortcomings of
competing models. In GASC, Dark matter arises naturally from spacetime geometry (Vpg), unlike ACDM's

8



reliance on undetected WIMPs or string theory's ultralight axions. Here, Black holes develop observable
core structures ("dark planets"), contrasting with ACDM's singularities or string theory's fuzzballs. It is
testable as LIGO can hunt for echoes, atomic clocks probe p, fluctuations, and colliders constrain anti-
graviton couplings.

While string theory remains confined to Planck-scale unattainable testability and ACDM struggles with
dark matter detections, GASC delivers unique, near-term predictions across astrophysical and laboratory
scales. Its geometric approach to dark matter and quantum gravity, coupled with falsifiable signals,
positions it as a compelling candidate for a unified theory of fundamental interactions. Future observations
(JWST, LISA, FCC-hh) will decisively test its viability against the prevailing paradigms.

Table I: Comparison of GASC with Competing Theories and Experimental Status

Feature / GASC Prediction ACDM + WIMPs String Theory / Current Experimental Constraints
Test Axions
Weakly Interacting . a
Dark Matter . . . . Axions or other LUX-ZEPLIN®: No WIMP >5 GeV
Origin Root fluid gradients (Vpo) Massive Particles ultralight particles  ADMX: No axion 2.66.3.1 ueV
g (WIMPs) ght p : No axion 2.66-3.1 pe
Black Hole Singularity-free "dark planets" . .. Fuzzballs or other EHT®: Sgr A* shadow consistent with
. Singularities (GR) . .
Cores (po-stabilized) stringy objects both GR and GASC
Fifth F lg{rzpvlﬂzinv: Yk foree: anti N puur-dmensiontl B Wash/MICROSCOPE:
i orce > one orces -15 ~ 102
g~10"3—-1071 (unobserved) I g 1< 107" formg ~ 107"V
Echoes from po oscillations :
Gravitational 3 32kHz X (Mn /M No ech 1;0551ble f.choes LIGOY: Limited to S2 kHz
~— o echoes Tom exotic
Waves fecho GM 2% (Mo/M) bicct LISA Pathfinder®: Preparing for 2030s
IMBH: 0.3 mHz (LISA-detect) compact objects
imensi ATLAS/CMS': g < 0.12 for mp ~
Collider Missing energy at FCC-hh Nor'lev (WIMPs Extra d1men§10ns g B
Sienatures o(pp — y + B)~0.1 fb invisible at /Kaluza-Klein 2.5 TeV
g ' colliders) modes FCC-hh: Construction begins 2028
Agrr = A+ 8nGo .
Cosmic eff o Cosmological String landscape DESI (2024)&: w=-1.03+0.04
Acceleration w=-140 (—)) constant (W = —1)  (multiverse) Planck+SNIaM w=—1.03+0.03
Peo
Holographi -hhi: Wi - i
Quantum . - Non-renormalizable olographic FCC }.1h Will probef TeV-scale gravity
. Anti-gravitons at TeV—eV scales . principle/AdS- Atomic clocks: Testing fundamental
Gravity (UV incomplete) .
CFT coupling
2Reference [28], "Reference [18], ‘Reference [29], YReference [30], °Reference [31], fReference [27],
8Reference [32], "Reference [15],'Reference [17]

VI. CONCLUSION

The Gravitationally Active Spacetime Curtain (GASC) presents a bold unification of gravity, quantum
fields, and dark matter through a dynamically tensioned spacetime fabric. By replacing singularities
with dark planets, explaining dark matter via root fluid gradients, and introducing testable anti-graviton
signatures, GASC addresses long-standing gaps in modern physics while avoiding the untestable
complexities of string theory and the unresolved mysteries of ACDM. With precise predictions for LISA,
FCC-hh, and atomic clocks, this framework transforms abstract theoretical questions into empirical
challenges—offering a falsifiable path toward quantum gravity. If validated, GASC could redefine our
understanding of spacetime itself; if falsified, it sets a benchmark for future unification attempts. The next
decade of experiments will determine whether nature's deepest secrets are woven into this cosmic curtain.
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VII. FUTURE WORK

To further validate the GASC framework, high-precision numerical simulations should be developed to
model the nonlinear coupling between spacetime tension (o), root fluid (pg), and anti-gravitons (B, ) in
strong-field regimes. These simulations could reveal novel phenomena in black hole mergers and early-
universe dynamics beyond current perturbative treatments. Analytically, we will pursue dimensionally
reduced formulations of the field equations to enable exact solutions for realistic astrophysical systems,
potentially through a (2+1) decomposition of the spacetime curtain for axisymmetric problems, and non-
perturbative resummation techniques for the root fluid's quantum fluctuations. Such simplifications may
yield testable analytic approximations for LISA waveform templates and galaxy rotation curves while
maintaining the framework's first-principles foundations.
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APPENDIX A: DERIVATION OF THE GASC FIELD EQUATIONS

In this appendix, the modified Einstein field equations are derived for the Gravitationally Active Spacetime
Curtain (GASC) framework, incorporating spacetime tension (o), root fluid ( py), and anti-graviton
contributions. The GASC field equations unify Spacetime curvature (Einstein-Hilbert term), Spacetime
tension (), Root fluid (py), Anti-gravitons (B, ), and Matter fields.

Notational conventions used are,

1. Tensor indices:

Superscripts (e.g., T*#Y) denote contravariant components.
Subscripts (e.g., Ty,,) denote covariant components.

Mixed indices (e.g., T") imply contraction.

2. Metric signature: (—,+,+,+)(—,+,+,%).
3. Units: ¢=1, #=1 (geometric units).

The total action for GASC is:
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S = SEH + Stension + Sroot + Santi—grav + Smatter (16)

where, Einstein-Hilbert action: Sgyy = [ d4’x\/—_g (% + A)
Spacetime tension action: Stension = 0J d4x\/—_g(gw, — nﬂnv) gt
Here, n* is the unit normal to the spacetime curtain.
Root fluid action: Sygor = [ d4x\/—_g(ﬁp0)
Anti-graviton action: Santi—grav = J d*x/—g (— %BWB‘“’ + mT‘ZBB#B“)
Matter action: Sparrer = J d4’x\/—_g Linatter

The field equations are obtained by varying S with respect to the metric g,
8

i 0 (17)
Standard variation gives Einstein-Hilbert Term: zj,i'f, = ﬁ (Ruv - %Rgm, + Agw) (18)
Varying Siension 8ives Spacetime Tension Term: 65{;‘;% = 0(gu — Nuy) (19)
. . . . SSroot _1
Varying S;qot gives Root Fluid Term: Sk Eﬂpou”uv (20)
where u* is the 4-velocity of the root fluid.
. . . . 8Santi— 1 m3 1
Varying Synti—grav 8ives Anti-Graviton Term : % = —>Byua BY + TBBMBV - gngaﬁBaﬁ 21)
where B = g*fB, p (index ordering matters)
Standard definition of Matter Term: % = —% Tater (22)

Assembling all terms, we obtain the combined GASC field equations:

1 8mG ; ti—
Ry =5 RGuw + Mgy =~ (TR + TUgneton 4 TE9ot 4 T, 7787 (23)
where, Tension energy-momentum tensor: TJSnsmn =0(gu — NuNy) (24)
Root fluid energy-momentum tensor:  T,;0°" = Bpou,u, (25)
Anti-graviton energy-momentum tensor:
ti— 1 1
Tar 8 = By BY — 3 9uvBapBY +mE (BuBy —3 g BaB?) (26)

For a static, spherically symmetric spacetime, we assume:

n#=(0,0,0,1) (privileged radial direction).
u#*=(1,0,0,0) (root fluid at rest).
B*=0 (no background anti-graviton field).
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The #t and r» components of the field equations reduce to:

__ 8nG

Gee = e (Ttl}latter + 0+ Bpo)

__ 8nG

Grr - 7 (Trr;latter + U)

Solving these yields the GASC-Schwarzschild metric:

2 o\ -1
dsz=-—(1—ZGM+7?§>dﬂ-+<1—3934-“r) dr? + r2dQ?

rc? rc2 - p,c?

[}

GASC field equations are consistent based on the following.
1. GR Limit: For 6—0, py—ps, we recover the Schwarzschild metric.
2. Weak energy condition: T!ﬂ,’otu“uv = py = 0 holds for § > 0

3. Null energy condition: Violated by anti-gravitons ( T:Jl U8RV u kv < 0 for null k#)
APPENDIX B: LINEARIZED GRAVITY IN GASC

1. Perturbative Expansion: Expanding the metric around Minkowski space:
I =Ny + huw |h;w|"1

where 7, = diag(—1,1,1,1) and hy,,, is the perturbation.
2. Linearized Field Equations: The GASC field equations to first order in hy,,:
D}_lm, + d,0,h — a“aﬂi‘lw - a“avﬁa# = —16mG (T 2" + Tﬂtﬁnsmn + 1Y

— 1 .
where, hy, = hy, — 5 Muv h (trace-reversed perturbation)

tension _

Ty = U(UW - nﬂnv)
root —

Tuv = ﬁpouuuv

3. Gauge Fixing: Impose the Lorenz gauge:
o*hy, =0
Simplified wave equation:
hyy = —16G (TR + 6(n,, — nuny ) + BPott,uy)

For a tension-dominated regime (0" pg) yields modified Newtonian potential:

- GM
hoo = 4P, @ =—="+ -

or?

Root-fluid waves predict longitudinal modes in addition to transverse GWs.:

Ohy, = —161GB pou,u,
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(28)

(29)

(30)

€2))

(32)

(33)

(34

(35)



APPENDIX C: ANTI-GRAVITON FEYNMAN RULES

For the anti-graviton field By, (symmetric rank-2 tensor):

Py
Buvap () = i (36)
where the projector is
1
?uv,aﬁ =3 (nua Mg + Mg Mva — Muv 770(,8) (37)

The vertex factors are
1. Anti-graviton—fermion coupling:  Ljy = gl/jyl‘l/)B,}’ n,
Vertex: —igy#nY (momentum-space)
2. Triple anti-graviton vertex: L&) =~ m3% BBy BY
Vertex: —im&(m**n"# + perms)
Coupling g is dimensionless (renormalizable) and the loop diagrams require counter-terms:

g* Uvy2
oL ~ (BWB ) (38)

16m2

From experimental observations,

1. Missing energy in pp — y + B at colliders:
4

g
0(13TeV) ~ 2k 0.1fb  (forg = 0.1,mp = 1TeV)
2. Fifth force tests:

2 e—mBr

Yukawa potential V(r) = —g modifies torsion balance experiments.

r

Here, GASC gravity is consistent based on
1. Gauge invariance: Linearized equations invariant under hy, — h,, +d,&, + 3,¢,, and anti-

graviton couplings preserve ward identities.
2. GR limit: For g, pg, mg — 0, recover standard linearized GR.

Unitarity: Optical theorem is satisfied for g2 < 47 (perturbative unitarity bound).

APPENDIX D: HILBERT SPACE IN GASC FRAMEWORK

The GASC framework combines spacetime tension (o), root fluid (p,), and anti-gravitons (B,) into a
unified theory. In this appendix, GASC is analyzed for a well-defined Hilbert space.

The anti-graviton field By, is quantized as:
a’k 1

A .
B () =22 S Goys N (ak,/l e (K)el™ + h. c.) (39)

where 4 labels helicity states (+2,£1,0), and el%) are polarization tensors.

Here, creation/annihilation operators ensure a positive-definite inner product for the Fock space.
laca, a1 ] = @m)363 (k- k)& (40)

It has ghost-free states based on
1. Spin-2 projector: The propagator A, 3 projects onto physical modes, excluding ghosts.
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2. Unitarity: Optical theorem holds, guaranteeing probability conservation.
Thus, the anti-graviton sector has a well-defined Hilbert space (spanned by |k,4) states).

The root fluid is treated as a Bose-Einstein condensate (BEC) with a semi-classical background limit.
The 5p0(x,t)dp0(x,f) quantized as a scalar field:

a3k 1 ; o
8p0(®) = | s oo (bic €™ + b e ™) (41)
The commutation relations are represented as: [ by, bf:,] = (2n)363(k —K') (42)

The Bekenstein bound ensures the Hilbert space dimension is finite:
dim#H < eSBH = g4/4G (43)
where, Sgy is the black hole entropy.

The total Hilbert space is a tensor product with positive-definite norms guaranteed for Hg and H, .

Heasc = He ® }[po X }[grav Q Hmatter (44)

In conclusion, p, fluctuations live in a finite-dimensional Hilbert space for bounded regions.
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