Supplementary Appendix

A Conventions

For a connection with torsion whose connection coeflicients are I';,, the Riemann tensor
R,,,s” and torsion tensor 1, are given by

[V,u,’ Vl/] Xcr = R,LLI/O'po - Tp,u,uvaU ) (Al)
[VH, V., X?P = R X7 =T,V X?, (A.2)
which implies
Ruo” = =000, + 0,10, =TT, +T0, T, (A.3)
T = QF[pW] )

These obey the following Bianchi identities

A
R[uua]p =T [MVTPU]/\ - v[quuU]7 (A5)
V[)\RW,]UH = Tp[)\HRV]pUK. (A.6)
We define the Ricci tensor as
R, =R,,". (A7)
We will assume that the connection is such that
Iy, = 0ulog M, (A.8)

where M is the integration measure, so that

Ry, =0. (A.9)

B Details for Trautman condition computation

In Section 3.4 it is left to show that h“héﬂ(w)"] = 0. This expression can be shown to be
Galilean boost invariant. We prove huhéu(w)p} = 0 by showing that all the projections
with v”v?, vVh and h¥*h°* give zero. We will use that

Vot = —h"K,,, B.1
P p

where K, = —%Evhw with £, the Lie derivative along v*. Using the definition of the
Riemann tensor as well as (B.1) it follows that

v”v“éwjg” = —hpAv“§HKM>\. (B.2)

Hence we find h“[véu(yg)p]v”v” = 0 which holds since h*¥ is covariantly constant and we

also used the fact that K, is symmetric. We next turn to the projection of h“héu(w)p] =
0 with AY*h°*. To this end define

X OO = PRI Ry W (B.3)



The tensor X*P* is antisymmetric in its first two and last two indices'. It also obeys
XleBulv — 0. Adding and subtracting X[frlv — o xlefvin — o xWBuwle — ¢ and
Xlurelf — g appropriately we obtain X% = X#e8  This can be used to show that
Xure)B _ xBre)n — () which is equivalent to hp[aép(gﬁ)”]hﬁah““ =0.

Finally we need to show that hp[aRp(M)”]v”h””” = 0. To this end define

Y = hpalv%pg,{”v”h”“ . (B.4)

In terms of this new object we have
4h”[aép(m)"]v”h”” =Y _yrHe 4 QhP[O‘Rpm"]v”h”“. (B.5)

Using R[pm]” = 0 we can show that
Yo — yrer 4 hpo‘}v?,.@pg”v"h““ =0. (B.6)

Cyclically permuting the indices on this last equation leads to two more equations.
Adding and subtracting these off (B.6) leads to

oy Y _ _hpaéﬁpauvah,un _ hpl/RNpU#vffhﬁa + hp“RnpgaUUhHV . (B.?)

This tells us that 5
Y — YVEY = —hPY Ry peM 0T R (B.8)

This in turn can be used to obtain
4hp[o‘}v2p(m)”]vah“” = —hp”RnpU“vah“a + hpo‘épm”v"h”“ — hp”}ép,wavah”“. (B.9)

Finally, using
Ripov” = W (Vi = V, Koy ) (B.10)

which follows from the definition of the Riemann tensor and (B.1), we obtain the result
that
MRy o — 0. (B.11)

! Antisymmetry in the last two indices follows from [V, , V]h*” = 0 which leads to Ry h*"* = 0.
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