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Weak Equivalence Principle

The local effects of particle motion in a gravitational field are indis-
tinguishable from those of an accelerated observer in flat spacetime.

Consequence:

A particle in a gravitational field should follow the geodesic, since this
is how the straight line in flat space looks like from the accelerated
frame.



Deriving WEP (geodesic motion) in GR

Single-pole approximation:
SW(r —
T (1) = / dr B () 2T
C V=9
Conservation of stress-energy tensor (assuming the local Poincaré in-
variance for both S;|g| and Si/|g, ¢]):

(1)

V., T =0. (2)
Replacing (2) into (1), we obtain the geodesic equation, with u" = dzsf)
and v'u, = —1 (Mathisson and Papapetrou [2, 3]; see also [4]):
WVt = 0.
Using Cristoffel symbols,
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Quantising gravity

Fundamental gravitational degrees of freedom g and 7,:

h , h
AgAT, > 7 ApAT, > 7
Separable state (|g) and |¢) — coherent states of gravity and matter):

V) =lg) ®|9) .

Effective classical metric and stress-energy tensors:

Guw|V) , T = (V|T,|V).

G = (¥



Violation of WEP due to entanglement

Entangled state (perturbation |¥) = [§) ® |¢), with coherent classical
states |g) and |¢)):

T) = a|T) + 5| V).
“Entangled” metric:

90— <\II|Q/W‘\II> = Guv + 6 h/w + 0(52) .

The perturbation is evaluated to be:

G| 0) = (VW) g ] -

“Entangled” geodesic equation with the manifestly covariant correc-
tion:

hyw =2 Re (P

d? () dz"(T)dz"(T)
dr? dT dT

1
WPVt + B (vph/g _ iwh,,p) w'n’ + O(B%) =0.
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