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Abstract

We derive an effective equation of motion for a pointlike particle in the framework of quantum gravity from simple basic assumptions |[1]. The geodesic
motion of a classical particle can be deduced by coupling a classical field theory to general relativity. We use a similar method to obtain an effective equation
of motion, starting from an abstract quantum gravity description. We find that entanglement between gravity and matter leads to modifications of the
geodesic trajectory, mainly because of nonzero overlap terms between gravity-matter coherent states. Lastly, we discuss a possible violation of the weak
equivalence principle due to the nongeodesic motion. We show that in the Newtonian limit, the acceleration of the particle depends on its mass and the
inertial and gravitational masses are not equal.
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Substituting (1) into (2), we obtain the geodesic equation, with u*V, = V, u* = 2 -

and u'u, = —1 (Mathisson and Papapetrou [2,3]; see also [4]):
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From the quantum analogue of (2), V,T"" = 0, we get:
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- / The effective equation of motion of the particle (modified geodesic trajectory),
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Conclusions and discussion
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e We derived an effective equation of motion within an abstract framework of quantum gravity, in particular in the
case where both matter and gravity are in a quantum superposition of macroscopic states. This equation contains

a non-geodesic term, giving rise to an effective force acting on the particle, as a consequence of overlap terms. References
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e [t would be interesting to estimate the magnitude of the nongeodesic term to compare different quantum gravity
models. We would need to specity the concrete quantum gravity models. Then, use the equation of motion or /

the equation that relates the gravitational and inertial masses. 4 h
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