
g = −α2dt2 + A2(dr + β dt)2 +B2(dθ2 + sin2 θ dφ2),

f = −α̃2dt2 + Ã2(dr + β̃ dt)2 + B̃2(dθ2 + sin2 θ dφ2).

Metric

ρ = −

[
〈R〉20 + λ

Ã

A
〈R〉21

]
, jr = −pÃ 〈R〉21 ,

J1 = 〈R〉20 +

[
1

λ

(
α̃

α
+
Ã

A

)
− λÃ

A

]
〈R〉21 ,

J2 = 〈R〉10 +
α̃Ã

αA
〈R〉21 +

1

λ

(
α̃

α
+
Ã

A

)
〈R〉11 .

Projections of Vg

ρ̃ = −

[
〈R〉22 + λ

Ã

A
〈R〉21

]
1

R2
, j̃r = pA 〈R〉21

1

R2
,

J̃1 =

{
〈R〉22 +

[
1

λ

(
α

α̃
+
A

Ã

)
− λA

Ã

]
〈R〉21

}
1

R2
,

J̃2 =

{
〈R〉13 +

αA

α̃Ã
〈R〉11 +

1

λ

(
α

α̃
+
A

Ã

)
〈R〉12

}
1

R
.

Projections of Vf

〈R〉nk :=
(V )

− m4

n∑
i=0

(
n
i

)
βi+kR

i,

〈R〉nk = 〈R〉n−1
k +R 〈R〉n−1

k+1 , 〈R〉
0
k =

(V )

− m4βk.

The partial span, R := B̃/B

β = q + αA−1pλ−1, β̃ = q − α̃Ã−1pλ−1

v = pλ−1, λ2 = 1 + p2.

The radial shift separation

(2K1 +K2)K2 +
1

A2

(
A2

B2
+ 2

∂rA

A

∂rB

B
− (∂rB)2

B2
− 2

∂2rB

B

)
= κgρ,

(2K̃1 + K̃2)K̃2 +
1

Ã2

(
Ã2

B̃2
+ 2

∂rÃ

Ã

∂rB̃

B̃
− (∂rB̃)2

B̃2
− 2

∂2r B̃

B̃

)
= κf ρ̃.

Scalar constraints

2

{
(K1 −K2)

∂rB

B
− ∂rK2

}
=

(K)

+ κgjr,

2

{
(K̃1 − K̃2)

∂rB̃

B̃
− ∂rK̃2

}
=

(K)

+ κf j̃r.

Vector constraints

κf ÃB
(
K1∂rB −K2∂rB −B∂rK2

)
+ κgAB̃

(
K̃1∂rB̃ − K̃2∂rB̃ − B̃∂rK̃2

)
= 0.

Combined vector constraints

p =
(K)

− 2

κgÃB 〈R〉21

(
K1∂rB −K2∂rB −B∂rK2

)
.

The radial shift separation

Ã
(
K̃1 〈R〉21 + 2K̃2R 〈R〉12

)
− A

(
K1 〈R〉21 + 2K2 〈R〉11

)
+ 2AK̃2λR 〈R〉11 − 2ÃK2λ 〈R〉12
(K)

+ 2p

(
〈R〉11

A

Ã

∂rB̃

B
+ 〈R〉12

Ã

A

∂rB

B

)
(K)

+ λ−1 〈R〉21 ∂rp = 0.

Bimetric conservation law (‘secondary constraint’)

Relation between two lapses

∂tA =
(K)

− αAK1 + ∂r(qA+ αv),

∂tÃ =
(K)

− α̃ÃK̃1 + ∂r(qÃ− α̃v),

∂tB =
(K)

− αBK2 +
(
q + αA−1v

)
∂rB,

∂tB̃ =
(K)

− α̃B̃K̃2 +
(
q − α̃Ã−1v

)
∂rB̃.

Evolution equations for the spatial metrics

∂tK1 =
(
q + αA−1v

)
∂rK1

(K)

+ αK1

(
K1 + 2K2

) (K)

− ακg

{
J1 −

1

2
(J − ρ)

}
(K)

−
(
∂rα

A2

∂rA

A
− ∂2rα

A2
+ 2

α

A2

∂rA

A

∂rB

B
− 2

α

A2

∂2rB

B

)
,

∂tK̃1 =
(
q − α̃Ã−1v

)
∂rK̃1

(K)

+ α̃K̃1

(
K̃1 + 2K̃2

) (K)

− α̃κf

{
J̃1 −

1

2
(J̃ − ρ̃)

}
(K)

−
(
∂rα̃

Ã2

∂rÃ

Ã
− ∂2r α̃

Ã2
+ 2

α̃

Ã2

∂rÃ

Ã

∂rB̃

B̃
− 2

α̃

Ã2

∂2r B̃

B̃

)
,

∂tK2 =
(
q + αA−1v

)
∂rK2

(K)

+ αK2

(
K1 + 2K2

) (K)

− ακg

{
J2 −

1

2
(J − ρ)

}
(K)

−
(
α

B2
− ∂rα

A2

∂rB

B
+

α

A2

∂rA

A

∂rB

B
− α

A2

(∂rB)2

B2
− α

A2

∂2rB

B

)
,

∂tK̃2 =
(
q − α̃Ã−1v

)
∂rK̃2

(K)

+ α̃K̃2

(
K̃1 + 2K̃2

) (K)

− α̃κf

{
J̃2 −

1

2
(J̃ − ρ̃)

}
(K)

−
(
α̃

B̃2
− ∂rα̃

Ã2

∂rB̃

B̃
+

α̃

Ã2

∂rÃ

Ã

∂rB̃

B̃
− α̃

Ã2

(∂rB̃)2

B̃2
− α̃

Ã2

∂2r B̃

B̃

)
.

Evolution equations for the extrinsic curvatures

g sector: A,B,K1, K2, f sector: Ã, B̃, K̃1, K̃2,

Gauge: α, q (also α̃).

Variables

Bimetric equations in standard 3+1 form in spherical symmetry
Mikica Kocic, v1.02, arXiv:1803:09752

Evolution equations To be solved at t0 Definitions
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