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CrossMark
We provide corrections to a typo and an error in the original paper.
1. Correction to the typo
The correct version of equations (3.1) and (3.12) in the main text is,
V= My, A = et (1.1a)
Py = e*wgoij, GV =Ml (1.1b)

2. Correction to the error in appendix A.1

This section replaces the first part of appendix A.1, up to (A.25).
Consider the spatial parts v = e"de and p = m,' dm, of two Lorentzian metrics g, f. In [1],

it is established that the existence of the real square root (g_' f) 172 implies,

Bi=g+an=q+ae 'p\7!, (2.1a)
Bi=qg—an=gq—am 'pA, (2.1b)
x = e 6A;Rm, = x". (2.1¢)

To be more precise, the freely specifiable spatial vielbein m, is used to compute the viel-
bein Rm, such that the spatial part x of the geometric mean metric h = g#f is given by
x = €T0A;(Rm,). This is obtained by imposing (2.1¢) and solving it for the Euclidean
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orthogonal transformation R in terms of A and the vielbeins e, m,. Such a solution always
exists, as it is part of the polar decomposition of the invertible matrix R, [1, 2] (see (3.7) in
the main text). For the sake of simplicity, we define the new vielbein of ¢ to be m := Rm,; we
have the freedom to do that since mo*RTdRm, = m,"dm,, implying that ¢ is blind to this
choice. The interaction terms are not affected as well, since they always contain both Ay and
R, irrespective of this choice. The matrix A explicitly appears in them. On the contrary, R
does not appear explicitly, but it is taken into account implicitly inside m.
‘We define the bimetric interactions as [3],

n:=elv, n:=m'v, (2.2a)
Q:=e'ASe, Q:= m~'Am, (2.2b)
D:=m A e, D= e "Am, (2.2¢)
B:=D ' =e A, B:=D ! = m~ ' Age, (2.2d)
d N N d
Vi=—m"y " Bien(D), Vi= -2y e 1 (B), (2.2¢)
n=0 =0
d _ B d B
U= -A"m"> " B,Y, 1(B), U:=-Dm"> B,Y, 1(D), (2.2)
n=0 n=0

d d
Q1) == QU = —Bm*y B,Y,—1(D),  (Qu) == QU= -A""Am"y B,Y,_1(B). (2.29)
n=0 n=0

where ¢,(X) are the elementary symmetric polynomials of the linear operator X,

en(X) = xlo, x2, . x| (2.3)
and Y,,(X) is defined as,
Yo(X) =) (=1 e ()X . (2.4)
k=0

See [3] for more details about the properties of e,(X) and Y,(X). Note that d is the dimension
of the spacetime, that is, d = N + 1. Hence, some terms in the summations will be zero. The
By parameters are d + 1 real dimensionless constants appearing in the bimetric interaction
potential, together with the energy scale m [4]. We define the bimetric sources (respectively,
the bimetric energy densitites, the bimetric currents and the bimetric spatial stress—energy
tensors) as [3],

P = —en(B), Pi=—wQU)5nt, TPy =i [V‘sk/‘ — Q)5 + WﬁlukJ} ,
(2.50)
W e (B) . (V84— (Qu)'; + Wit
T Tdet(me )y 7T Tdet(mety T 0T det (me~1) ’
(2.5b)
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where the summation — mdzzzoﬁ(n) is understood in front of all the bimetric sources. Note
the relation between the two bimetric currents jbi,}'i’i, which implies the relation (A.35)
between the momentum constraints in the main text.

Here we compute the expressions for the bimetric interaction and sources in the (c)BSSN
formalism. We require that the symmetrization condition (2.1) holds for the BSSN variables
as well. Since the shifts are the same in the BSSN formalism, we require conditions (2.1a)
and (2.1b) to stay the same. The condition (2.1c¢) should instead lead to its analog in the BSSN
formalism,

¥ =" 6ARm, = V', (2.6)

where ]Xs, R are the BSSN counterparts of the spatial part of the Lorentz boost (3.8) and the
orthogonal transformation in (3.7) in the main text, whose expression is unknown yet.

We start by computing the conformal decomposition of the objects in the Lorentz frame.
The requirement that (2.1a) stays the same implies,

I o1
B=g+ae 'pA\l=g+aelép\ = p\l=¢pr (2.7)

where the scalar ¢ accounts for the conformal decomposition of pA~!. It follows that,

P p 1+pT5p)l/2*
= = p= —_— . 2.8
(I+pop)2  (1+p'op)2  ° g<1+1E>T<Sf> oG
We apply p'd to (2.8) and obtain,
pPop _  &p'p z<1+pT5p>1/2 p'op
(1+p70p)'/?  (1+p'op)'/2 1+p'op/ (1+pop)/?
2.9
which is equivalent to
T(S 2*T6* X X T(s
pdp  &{pop — pop= p'op 2.10)

1+pdp 1+p'ép &(1+p'ép) —p'op’

Hence, in general, we can rescale p as in (2.8) with a generic £ when we recast the equa-
tions into the (c) BSSN formulation, as long as we satisfy (2.10). However, there is no need
to rescale it since this is an unnecessary complication. Indeed, we can always satisfy (2.8) and
(2.10) by choosing £ = 1, which implies p = p. It immediately follows,

p=p=A=(1+pop)/>=(1+pop) /" = A 2.11a)
—v=pAl=pi =+ @.11h)
— A, =(1+pp'8)> = (1+pp'e)* = A, @.11¢)

which implies (see (A.23) in the main text),
R = (J’IROTJRO) VR, = 20-0) (é’lf{OTéf{O) V2 e20-0R, T — R, 2.12)

Using (3.11) in the main text and (2.11¢), (2.12) and m, = e~2Ym, (which follows from (3.11)
in the main text), the spatial part of the symmetrization condition (2.1c) can be written as,
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X = e"0ARm, = TV IA R, =: 20TV

2.13)
= XT = (eT(SASRmO)T — ez(¢+¢) (ET(SASRI’/Fl())T = ez(¢+’¢')>%T, (

that is, if 'y is symmetric, its BSSN counterpart X is also symmetric, as desired.
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