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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:

T µν(x) =

∫
C
dτ Bµν(τ )

δ(4)(x− z(τ ))√
−g

. (1)

Conservation of stress-energy tensor (assuming the local Poincaré in-

variance for both SG[g] and SM [g, φ]):

∇νT
µν = 0 . (2)

Replacing (2) into (1), we obtain the geodesic equation, with uµ ≡ dzµ(τ)
dτ

and uµuµ ≡ −1 (Mathisson and Papapetrou [2, 3]; see also [4]):

uλ∇λu
µ = 0 .

Using Cristoffel symbols,

d2zλ(τ )

dτ 2
+ Γ λ

µν
dzµ(τ )

dτ

dzν(τ )

dτ
= 0 .



Quantising gravity

Fundamental gravitational degrees of freedom ĝ and π̂g:

∆ĝ∆π̂g ≥
~
2
, ∆φ̂∆π̂φ ≥

~
2
.

Separable state (|g〉 and |φ〉 – coherent states of gravity and matter):

|Ψ〉 = |g〉 ⊗ |φ〉 .

Effective classical metric and stress-energy tensors:

gµν ≡ 〈Ψ|ĝµν|Ψ〉 , Tµν ≡ 〈Ψ|T̂µν|Ψ〉 .



Violation of WEP due to entanglement

Entangled state (perturbation |Ψ̃〉 = |g̃〉 ⊗ |φ̃〉, with coherent classical

states |g̃〉 and |φ̃〉):
|ΨΨΨ〉 = α|Ψ〉 + β|Ψ̃〉 .

“Entangled” metric:

gggµν = 〈ΨΨΨ|ĝµν|ΨΨΨ〉 = gµν + β hµν +O(β2) .

The perturbation is evaluated to be:

hµν = 2 Re
[
〈Ψ|ĝµν|Ψ̃〉 − 〈Ψ|Ψ̃〉gµν

]
.

“Entangled” geodesic equation with the manifestly covariant correc-

tion:
d2zµ(τ )

dτ 2
+ΓΓΓ µ

ρν
dzρ(τ )

dτ

dzν(τ )

dτ
= 0 ,

uλ∇λu
µ + β

(
∇ρh

µ
ν −

1

2
∇µhνρ

)
uρuν +O(β2) = 0 .
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THANK YOU!


