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The derivation of the geodesic congruence equations  = =0 a0 from equation (3.1), while
correct, entails the undesirable restriction  = 0 as defined in (3.6). Since  = m

mg P ,
= mng gdet , measures the expansion of the congruence the background geometry would

be constrained by requiring vanishing expansion, and correspondingly for strong
coupling gravity. A derivation without this limitation proceeds as follows. Defining the
acceleration by ˙ ≔ m n

n
mP P P its components can be read off from ˙ò x =m

mt x g Pd d

{ }ò x- x
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2
. Inserting (3.3) and (3.4) one finds that in the + d1

components ˙ ( ˙ ˙ )=mP P P, a0 the acceleration  drops out
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showing that ˙ ˙= =P P0 a0 is equivalent to  = =0 a0 alone. Since (3.3) and (3.4) have
well-defined strong coupling limits one can define ˙ ˙¥ ¥P P, a0 as the coefficients of x x, a0 in the
analogous computation, with the result

˙ ( ) ˙ ˙ [ ( ) ] ( )
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Here ≔ ( ) f¥ e qg 0 cancels and (2) coincides with the scaling limit (A.2) of (1).
In the transcription of the x¶a

0 coefficient from equations (3.22) to (3.23) a term ¥Nb
b

has been dropped by mistake and the ¶ ¥
a a term should read ¶ ¥

t a . The corrected equation
(3.23), i.e. [ ( ) ]    d x x f= ¶ + + ¶ +x x

¥ ¥ ¥ ¥ ¥e Na t a a a
b

b
0 0

0 , in combination with (3.19) is
equivalent to
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Under the strong coupling realization of the diffeomorphism group the acceleration ( ˙ ˙ )¥ ¥P P, a0

thus transforms like ( )P P, a0 in (3.18) and the conditions ˙ ˙a- =¥P P 00 0 , ˙ ˙a- =¥P P 0a a , are
manifestly gauge invariant. Using ( )a f= e Ng 0 the non-redundant condition on a geodesic
congruence in strong coupling gravity is

( ) [ ( ) ] ( )f f f f- - ¶ =e P e N 0. 4a a0 0

Imposing a = 0 reproduces (3.17) but without the undesirable constraint ( )f =e q 00 . Note
that a = 0 does not restrict the ‘norm’  fg

2 of ( )P P, a0 to be a spatiotemporal constant.
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