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Gauge theory of Gravity with Symmetry Breaking Field

▶ Chiral gauge-invariant action

I(ω, ϕ) =

∫
Dϕa ∧Dϕb ∧ +Ra

b (1)

▶ The co-frame fields are defined as ea = Dϕa

with symmetry breaking ”khronon” field ϕa = τδa0
▶ (Anti) self-dual projection R = +R+ −R

(Chiral projection so(1, 3) = sl(2,C)⊕ sl(2,C) or so(4) = su(2)⊕ su(2))
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Benefits

SO(1,3)

▶ describes ΛCDM model

▶ extension of GR

e.g., black hole solution

Spherically symmetric configuration

e
0
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1
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2
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3
= r sin θdφ, (3)
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r sin θdφ, (4a)

ω
1
2 = Adθ − B sin θdφ , ω

1
3 = Bdθ + A sin θdφ , (4b)

ω
2
3 = −Cdτ − Ddρ − cos θdφ (4c)

Solution

F = ±
√

rs

r
− 1 + A2 (5)

(A = const. , B = i
(
τ
−1

r ∓
√

A2 − 1
)

, C = 0 , D = −i
√

A2 − 1)
A > 1 : hyperbolic ”hail” geodesics with finite v∞

A = 1 : parabolic ”rain” geodesics with v∞ = 0

A < 1 : eliptic ”drip” geodesics with v∞ < 0 (starts from finite r)

A ≤ 0 : white hole

(6)
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Why consider SO(4)?

SO(1,3)

▶ describes ΛCDM model

▶ extension of GR

e.g., black hole solution

ds2 = −dτ2 + F 2dρ2 + r2dΩ2

F = ±
√

rs

r
− 1 +A2

A > 1 : ”hail” geodesics

A = 1 : ”rain” geodesics

A < 1 : ”drip” geodesics

A ≤ 0 : white hole

SO(4)

▶ khronon field distinguishes

time+space split without (-,+,+,+)

▶ everything can be real?

e.g., connection for vacuum static

black hole solution

ω1
2 = Adθ +

(
τ−1r ±

√
A2 − 1

)
sin θdφ ,

ω1
3 = −

(
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√
A2 − 1

)
dθ +A sin θdφ ,

ω2
3 = −

√
A2 − 1dρ− cos θdφ
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Results

SO(1,3) SO(4)

Cosmology ΛCDM ΛCDM

Static black holes Extended GR (C) Extended GR (R) when τ → ±it

Kerr black hole GR (C) GR when partially τ → ±it

or partially Wick rotated a → −ia

Gravitational waves GR GR when τ → ±it

(h′′
ij + 2Hh′

ij − ∇2hij = 0)

Cosmological perturbation GR GR

(vector)

Cosmological perturbation GR GR when partially τ → ±it (?)

(scalar)


