
1 Black Hole Spin Networks and Shadows in FTFT
1.1 Black Hole Spin Networks
In loop quantum gravity (LQG), black hole horizons are quantized as spin networks, with area:
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where γ ≈ 0.274, lPl =
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ℏG/c3, and ji are spin labels [1]. The Fonooni Temporal Field Theory (FTFT)
modifies this via the scalar field ϕT (mass ∼ 6.82× 10−13 eV) through the action:
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The horizon area becomes:
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with κ ∼ 10−10M−1
Pl , ϕT ≈ ϕ0 ≈ 10−10MPl. The ϕT dynamics induce spin transitions:
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This increases entropy by (1+2κϕ0), potentially affecting GW echo damping, testable with LIGO O4 [2].

1.2 Black Hole Shadows
The black hole shadow is defined by the photon sphere’s critical curve, observable by the Event Horizon
Telescope (EHT) [3]. In the FTFT metric:

ds2 = −
(
1− 2GM

r

)
(1 + 2κϕT )dt

2 +

(
1− 2GM

r

)−1

(1 + 2κϕT )dr
2 + r2(1 + 2κϕT )dΩ

2, (5)

the photon sphere is at:
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, ϕ0 ≈ 10−10MPl. (6)

The shadow diameter is:
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For M87* (M ≈ 6.5×109M⊙, D ≈ 16.8Mpc), the correction is ∼ 10−18 µas, below EHT’s resolution. For
Kerr black holes, ϕT ’s oscillations (ωT ≈ 165Hz) may induce asymmetric shadow distortions, detectable
with EHT upgrades by 2030 [3].
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